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Volume1 EXECUTIVE SUMMARY
The Executive Summary provides an overview of major elements of the Study. It summarizes the
Study analytic efforts, the documentation developed, and reviews the recommendations resulting from
the analyses conducted during Phase 2 of the Study.

Volume2 PHASE 2 FINALORALPRESENTATION
The Final Presentation Material volume contains the charts used In the Final Oral Presentations for
Phase 2, at KSC on April 6, 1988. A brief, overall review of the Study accomplishments is provided.
An indepth review of the documentation developed during the last quarter of Phase 2 of the Study is
presented. How that information was used in this Study is explained in greater detail in Vols. 3 and 4.
An initial look at the topics planned for the upcomingWorkshops for Governmentllndustry is presented
along with a cursory look at the results expected from those Workshops.

Volume 3 SPACE-VEHICLE OPERATIONAL COST DRIVERS HANDBOOK (SOCH)
The Space-vehicle Operational Cost drivers Handbook (SOCH) was assembled early in Phase 2 of the
Study as one of the fundamental tools to be used duringthe rest of the Phase. The documentis made up
of two parts -- packaged separately because of their size.

Part 1 Presents, in checklist format, the lessons learned from STS and other programs.
The checklist items were compiled so that the information would be easily usable
for a number of different analytical objectives, and then grouped by disciplines or
gross organizational, and/or functional responsibilities. Content of the checklists
range from 27 management; 11 system engineering; 8 technology; and 19 design
topics -- with a total of 793 Individual checklist items. Use of this Handbook to
identify and reduce Cost Drivers is recommended for designers, Project and
Program managers, HQ Staff, and Congressional Staffs.

Part 2 Contains a compilation of related reference information about a wide variety of
subjects IncludingULCE, Darning, Design/BuildTeam concepts as well as current and
previous space launch vehicle programs. Information has been accumulated from
programs that range from, Saturn/Apollo, Delta, Titan, and STS to NASP and
Energia.

Volume 4 SIMPLIFIED LAUNCH SYSTEM OPERATIONAL CRITERIA (SLSOC)
The SLSOC document was developed from the generic Circa 2000 System document, Vol. 6; is similar in
content; and also indicates the manpower effect of the elimination of many STS-type cost drivers. The
primary difference between the two documents is the elimination of all generic Circa 2000
requirements (and support) for manned-flight considerations for the ALS vehicle. The data content of
the two documents, while similar In nature, was reorganized and renumbered for SLSOC so that it could
be used as the basis for variouspanels and subpanelsin an ALS Workshop.
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PHASE 2 STUDY REPORT (Cont'd)

Historical data is the basis for the conclusion that incremental improvements of technology and

methods cannot significantly improve LCC (by an order-of-magnitude) without major surgery. A
system enabling the development of a radically simplified operational concept, reflected in SLSOC, was
included so that proposed designs (and operations) could be compared to systems providing for

simplicity -- rather than the current STS complexity.

The identified operational cost drivers from STS plus other historical data were used as background

reference information in the development of each example concept designed to eliminate cost drivers.

These example concepts, when integrated, would support an order-of-magnitude cost reduction in
current (STS), exorbitant Life Cycle Costs (LCC). Individual operational requisites were developed for
each element in the associated management systems, integration engineering, vehicle systems, and

supporting facilities. These have associated rationale, sample concepts, identification of technology
developments needed, and technology references to abstracts. The technology abstracts are provided in

a separate volume, Vol. 5.

Technology changes almost daily, thus past trade studies may no longer be valid. In addition, old

"trades" often used inaccurate _ of "real" operational costs. Vehicle designs are compromises
and have been performance oriented with operations methods/techniques based on those designs, it is

the intent of our example concepts in the SLSOC to stimulate design teams to improve or replace
conventional design approaches. Obviously, it Is up to the Bsoonsible orooram desion teams to provide

design solutions to resolve operational cost drivers.

Volume5 TECHNOLOGY REFERENCES
This document provides a repository for the Technology References for the SLSOC and the CIRCA 2000
System documents. The technology references, mostly from NASA RECON, are supplied to the reader
to facilitate analysis on either the SLSOC or the CIRCA 2000 System documents. Some data references

were also obtained via DIALOG. If more technical information is desired by an analyst, he must obtain
the additional documentaiton thru his library or from some other appropriate source. The XTKB
(EXpanded Technology Knowledge Base) provided a user-friendly tool for our analyses in identifying

and obtaining the computerized database reference information contained in this document. Thousands of
abstracts were screened to obtain the 300 plus citations pertinent to SLSOC in this Volume.

Volume6 CIRCA 2000 SYSTEM OPERATIONAL REQUIREMENTS
The Circa 2000 System Operations Requirements were developed using STS as a working data source.

We Identified generic operations cost drivers resulting from performance-oriented vehicle design
compromises and the operations methods/techniques based on those designs. Those Cost Drivers
include high-cost, hazardous, time & manpower-consuming problem areas involving vehicles, facilities,

test & checkout, and management / system engineering. Operational requisites containing rationale,

example concepts, Identification of technology developments needed, and identification of technology
references using available abstracts were developed for each Cost Driver identified. Elimination of cost

drivers significantly reduces recurring costs for prelaunch processing and launch operations of space
vehicles.

NO_: Volumes 1,3,4 and 5 are being widely distributed. Volume 2 is a copy of presentation material

already distributed and Volume 6 will be distributed only on request. Copies of the full report
will be placed in libraries at NASA HQ., JSC, KSC, MSFC and NASA RECON. Individual volume

copies may be obtained by forwarding a request to W. J. Dickinson, KSC PT-FPO, (407)
867-2780.
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SPACg-VZ_CLB OPERATIONAL COST-DRIVERS HANDBOOK (SOCH)
APPENDICES

6.0 INTRODUCTION

The appendices to the Space-Vehicle Operational Cost-Driver Handbook (SOCH)
are included to: (1) provide references for some of the topics in the basic
SOCH document and (2) provide users vtth a selected survey of historical,
current and future program background data in an easily referenced format.

The types of data include pad configuration for Apollo and STS; comparative
vehicle sizes, veights, and thrust; mission results; future manifests for
STS and Arrtane, and foreign vehicle statistics/configurations/planning.
Also included is the complete file on topics referenced in the SOCH such as
Deming's Management Principles, Unified Life Cycle Engineering and
recommended Space Transportation Architecture Study configurations. All of

these provide background for comparisons of space vehicle operations in the
past, present and future.

The U.S. and foreign commercial publicatlon data selected for use In

preparing the Handbook are reproduced here vlth permission of the respective
publishers. Also included are NASA and NASA contractor briefing documents,
and fact sheets.

_GE_ INTENTIONAt.Ly Bt,ANK
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6.1 UNIFIED LIFE CYCLE ENGINEERING (ULCE)
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6.1 Uni[ied Life Cycle Engineering (ULCE)
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6.2 DEMING'S RL%/_AGEMENT PRINCIPLES
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THE DEP_ING ROUTE TO QUALITY AND PRODUCTIVITY
by Willia_ W. Scherkenbach

POINT 1
Create constancy of purpose toward improvement of product and service,

the aim to become competitive, stay in business, and provide jobs.

with

POINT 2

Adopt the new philsophy. We are in a new economic age, created by
Western management must awaken to the challenge, must learn

responsibilities, and take on leadership for change.

Japan.
their

POINT 3

Cease dependence on inspection to achieve quality. Eliminate the need for

inspection on a mass basis by building quality into the product in the first

place.

POINT 5

Improve constantly and forever the system of production and service,
improve quality and productivity, and thus constantly decrease costs.

tO

POINT 12
Remove barriers that rob the hourly worker of his right to pride of

workmanship. The responsibilty of supervisors must be changed from stressing

sheer numbers to quality. Remove barriers that rob people in management and
engineering of their right to pride o£ workmanship. This means, inter alia,
abollshment of the annual merit rating and of management by objective.

POINT 8
Drive out fear, so that everyone may york effectively for the company.

POINT 9
Break down barriers between deparments. People In research, design, sales,

and production must work as a team to foresee problems of production and In
use that may be encountered wlth the product or service.

POINT 10
Eliminate slogans, exhortations, and targets for the work force that ask

zero defects and new levels of productivity.

for

POINT Ii
Eliminate work standards (quotas) on the factory floor. Substitute

leadership. Eliminate management by objective. Eliminate management by
numbers, numerical goals, substitute leadership.

POINT 7

Institute leadership. The alm of leadership should be to help people,
machines and gadgets to do a better job. Supervision of management is in need

of overhaul, as well as supervision of production workers.

POINT 6

Institute training on the job.

POINT 13

Institute a vigorous program of education and self-improvement.

POINT 4

End the practice of awarding business on the basis of price tag. Instead,
minimize total cost. Move toward a single supplier for any one item on a

long-term relatlnship of loyalty and trust.

POINT 14

Put everybody in the organization to work to accomplish the
The transformation Is everybody's job.

19
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DR. DEMING'S CONCEPTS

%

Dr. Denting has a number of concepts related to the management use of statistical techniques to
improve quality and productivity. The most important of these are:

The fundamental philosophy associated with the economic production of goods must be

based on defect PREVENTION rather than defect DETECTION. This approach requires a
system Of PROCESS CONTROL, which can only be effectively implemented through
STATISTICAL TECHNIQUES. Decisions to modify or adjust processes must be based on

statistic.at evi.denc_ such as control.chart data. Reliance on INSPECTION for quality
cona'Ol IS _U1 mCI_CCUVC anO lneiilClenL

MANAGEMENT must be dedicated to the ONGOING improvement of quality not simply a

one-step.un_ovement to an acceptable plateau. Man.agement must be willing to implement
changes m ways a company aoes ousiness in omer to achieve that quality improvement.

• Interpretation of statistical data through such techniques as control charts can help
distinguish between COMMON and SPECIAL causes of problems:

COMMON CAUSES arc due to the "system" and can be corrected only by management.

They typicallyaccount for about 85% of qualityproblems. The "system" includes all

general aspects of the business such as product engineering, manufacturing/assembly,

purchasing, marketing, etc. All these activitiesmust share in a company's quality
commitment and participatein the resolutionof problems.

SPECIAL CAUSES relateto an individualprocess itselfand can be resolved by the local

people involved (e.g.,operators,supervisors,maintenance people, etc.).Special causes

ty_?icallyaccount for about 15% of problems. Employees must be given adequate
imormation to solve problems, including the cost of defects and trainingin statistical
techniques.

• QUALITY and PRODUCTIVITY are not conflictinggoals; improvements in quality will
alsoresultinproductivitygains.

Similar to Japanese practice, relations with SUPPLIERS must be based on mutual

partnership that provides a balance among quality, delivery and price goals rather than on
price-based competition alone. Since suppliers significantly affect product quality,
suppliers should be encouraged to consider the use of statistical techmques. Training
should be provided if necessary.

Such concepts as work standards, goals and acceptance standards cannot in and of

themselves improve quality.Only actionbased on statisticaldata can improve qualityand
productivity.

Good quality does not mean achieving perfect quality but rather a CONSISTENT and
PREDICTABLE QUALITY LEVEL WIIICH MEETS TIlE NEEDS OF THE
MARKETPLACE.

Source: Ford Motor Company, Product Quality Office. December 1981

9 Fundamental Statistical Proceatl Control ',. ___..:.:/: ,;_i:/_..._ _ ,_::. i. :,: .. -_.._
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2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

DEMING'S FOURTEEN OBLIGATIONS OF MANAGEMENT

Create constancy of purpose.

Adopt the new philosophy.

Cease dependence on mass inspection.

Eliminate suppliers that cannot provide statistical evidence of quality.

Find problems. Continue to improve the system.

Institute modem methods of training on the job.

Improve methods of supervision of production workers.

Drive out fear, so that everyone may work effectively for the company.

Break down barriers between departments.

Eliminate numerical goals, posters, slogans for the work force.

Eliminate work standards that prescribe numerical quotas.

Remove barriers that stand between the hourly worker and his right to pride of
workmanship.

Institute a vigorous program of education and training.

Create a structure in top management that wiU push every day on the above 13 points.
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W. EDWARDS DEMING

Born in 1900. Grew up in a small town in Wyoming. Attended the University of Wyoming

majoring in electrical engineering. Went on to earn a Ph.D. in mathematical physics at Yale.

During the twenties he worked for a time at Western Electric where he began his work on

fourteen po!nts. During the 1930's Denting worked to help others understand the new Science
of statisttcal process cono'ol. Walter Shewhart of Bell Labs was a great influence. Deming
was among a few to understand Shewhart. During the 1940 s his achlevements began with his
work at the Bureau of the Census. During World War II he helped defense industries apply
statistical quality controls. Around 1948 he made his fast visit to Japan to speak with
scientists and engineers. He found much statistical talent and interest. In 1950 he presented
his ideas to the major industrialists called together by Ishikawa for the purpose of improving
the national quality image.

In 1979 he became a consultant to the Nashua Corporation where he would later be called by
Bill Conway, then president and CEO, 'The Father of the Third Wave of the Industrial
Revolution."

NBC-TV presented a white paper called "If Japan Can -- Wh_/Can't We.'?", a documentary that
featured Deming's philosophy as a new way to improve quality and productivity.

He thus came into clearer focus here in America. It wasn't long before top executives at the
major automotive companies were anxious to hire him as their consultant.

He is widely sought by many companies wanting to learn his "secrets" of Japanese success.
He directs the m to follow his 14-points and learn statistical process control.

He says its "so simple."
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6.3 DESIGN / BUILD TEAM CONCEPTS

This New Management technique (Design/Build Teams) will shatter

existing "Rice Bowls".

Will instill a real feeling of team participation in ALL project

Members.

Is also the most difficult to achieve because it requires EACH

project member to:

Desire -- the change in the way of doing business

Belief -- that change can be accomplished within the system

This requires firm leadership from the TOP.

_u6E m hU_NUVACTUR,_V_ MANUF.. //j oPeR_T,O_ A

Jllllll]lllllllOLD WAY IIIIIIIIIII1111

_AGE _INTENIIONALL_ B_N_

MANAGEMENT TECHNOLOGY CARTOON

(Boeing Aerospace Operations)
Figure 6
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6.3 DESIGN / BUILD TEAM CONCEPTS

DESIGN/BUILD TEAR (DBT) AUTHORITY

All Deslgn/Build Teams (DBT) are initiated by joint
Program Engineering and Operations Management.

memo from

The memo establishes each design package and the schedule for its

implementation by the assigned team.

It is the responsibility of the Engineering and Manufacturing

management to identify the DBT co-chalrmen. The DBT co-chalrmen
will consist of one person from Engineering Project Design and

one from Manufacturing Engineering.

S G O E/T STUDY

PRESENTATION

by BOEING

DESIGN/BUILD TEAM (DB] 

AUTHORITY
I PRESENTED AT

KSC

JULY 31,1987

I

PRO(I_M

DEFINITION

PHASE

WORK PACKAGE

P_ DIRECTION

TO

DESI(_/BUILD

DESIG_%EE

CCHPONENr

DBT

M_KSHIP

TRADE

IES

D

I

o _ CC_A_I_JPJtTION

o _I_RT

o FUNCTIONAL

o BASELD_ SCW

(_-OF-WORK)

o _ _ COST

o BASEID_ M%P/KETVALUE

o TRADE ST[DY FACIDRS

o .%T/ECTDBT _

(_. & PFG.)

o

o _ OF DBT

PROGRAM DEFINITION PHASE

Figure 7
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6.3 DESIGN / BUILD TEAM CONCEPTS

DESIGN/BUILD TEAMS (STRUCTURE)

New management technology is required to achieve maximum effect

from computer aided design tools.

New design management is the hardest part to establish

without it the new design methods will not work.

but

Design Build Teams DO NOT report back to functional fathers.

They have complete design responsibility, within the team, for
their specific assignment per Joint Authority Memo.

Design/Build Team(s) reports directly to Project Management.

Requires larger effort on the part of System Engineering to
establish firm operational, performance and cost requfrements to

the subsystem level; i.e., see DBT Authority on preceding page.

These new management methods are in place within Boeing.

projects have proven their value.

Pilot

S G O E/T STUDY

PRESENTATION

by BOEING

DESIGN / BUILD TEAMS

(STRUCTURE)

PRESENTED AT

KSC

JULY 31.1987

 P <OJECT MANAGEMENT

ENGINEERING CPERATI(I_S OTHERCOST

5TRLEnmES

O0hi_IGt_ATION

PRC_tL-TASS/RANCE

_EIG_TS

STRESS

AEBaDYNAMICS

MATERIALS TEnHNOLOGY

MANUF__

FABRICATICN DMSICt_

IADUSTRIAL I_GINEEB/343

TOOLING

_P&D

F_

DESIGN-TO-C0ST

S_IXEE

COST MSTHODOLOGY

MATERIAL

FACILITIES

_ICN

AVIONICS

PROJECT MANAGEMENT

Figure 8

BY JOINT

OPERATIONS MGMT
DESIGN _ i......

DESIGN/BUILD

 AM(S)
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6.4 NASA-A.F. LAUNCH/FLIGHT/CONFIGURATION STATISTICS
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6.4 NASA-A.F. LAUNCH�FLIGHT�CONFIGURATION STATISTICS
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I II

KSC Historical Report No. 1A (KHR-1A)

MAJOR NASA LAUNCHES
(EXCLUDING SPACE SHUTTLE LAUNCHES AND PAYLOADS;

SEE KHR-1B FOR SHUTTLE DATA)

EASTERN TEST RANGE (ETR) AND WESTERN TEST RANGE (WTR)

OCTOBER 1, 1958 - DECEMBER 31, 1986

TOTAL MAJOR ETR AND WTR LAUNCHES 333

MAJOR NASA LAUNCHES ARE FROM THE KENNEDY SPACE CENTER AND CAPE

CANAVERAL AIR FORCE STATION (EASTERN TEST RANGE)IN FLORIDA; THEY

INCLUDE LAUNCHES AT THE VANDENBERG AIR FORCE BASE (WESTERN TEST

RANGE) IN CALIFORNIA. LAUNCHES OF NON-MILITARY SPACECRAFT BY THE U.S.

AIR FORCE AT VANDENBERG AIR FORCE BASE AND LAUNCHES OF THE

SMALLER NASA SCOUT VEHICLE ARE NOT LISTED ON THIS CHART.

NOTES:

RESULTS:

S -- Successful
P - Launch Successful - Mission Failure
U- Unsuccessful

1 - Multiple payload aboard single launch vehicle
2 - Launched from Western Test Range (WTR)
3 - Thrust-augmentad first stage (solid motor strap-ons)
4 - NASA Launch - non-NASA mission or joint project
5 - BP: Boilerplate, or dummy; S/C. Spacecraft;

CSM: Apollo command and service modules; LM" Apollo lunar module; DM: docking module
6 - Planned as first manned Apollo mission - - - failed in ground test 1/27/67
7 - See KHR-1B for spacecraft in this series launched on the Space Shuttle

45
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National Aeronautics and
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EARTH OBSERVATIONS

METEOROLOGY

MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR

NAME DATE VEHICLE CODE PAD TEST NO.

TIROS (Television Infrared Observations Satellites)
TIROS | 411/60 Thor Able 5 A- 1 17A 315
TIROS 2 11123180 Del_a 3 TIROS.B IA 2) 17A 3804
TIROS 3 7112/S1 Della S TIROS.C IA.3I 1 )A 1351
TIROS 4 218162 Delta-7 TIROS.D IA.S) 17A 123
TIROS S 6119162 Oelta.t0 TIROS.| IA-S0I tTA 820
TIROS S 9118/S2 Oeha. 12 TIROS,F (A-S1) tTA 5046
TIROS 7 EllSlS3 Delta 19 T|ROS.G IA.52i 17B 115
TIROS I 12121163 Della.22 TIROS.H (A.$31 97B S332
TIROS 9 1122165 0*I1a.28 TIROS, I (A.S4) 17A 285

TIROS OPERATIONAL
4TIROS 10 711165 Delta-32 OT I I78 2756
4ESSA I 213/GS Delta.36 OT 3 (TOSI t?A 200
4ESSA 2 2/28/66 30else.37 OT2 (TOS) 17B 405
4ESSA 3 I0/2/66 30elta.41 TOS-A _SLC.2E
4ESSA 4 1126/(57 3Della.d5 TOS.B 2SLC 2E
4ESSA 5 4120167 30elta.48 TOS.C 2SLC 2E
4ESSA 6 19110/87 3Oelea.54 TOS.D 2SLC.2E ,
4ESSA 7 8/tS/SS 30*11a.58 TOSE 2SLC 2E
4ESSA 8 12115/68 3Delta-G2 TOS.F 2SLC.2E
4E SSA 9 2126/S9 3Delta.S7 TOSS 17B 3163

IMPROVED TIROS OPERATIONAL
41TOE t/OSCAR S 1/23/70 30elta.TE ITIROS MIOSCAR ?SLC 2W
4NOAA t 12/11170 3Della.S1 ITOS.A ZSLC.2W
41TOE 10/21/71 • 30site.86 ITOS-8 2SLC.2E
4NOAA 2/OSCAR E 10115172 30elti.St tITOSOIOSCAR 2SLC.2W
4tTOS 71161?3 30elta.SG ITOSE 2SLC2W
4NOAA 3 11/SI73 3Oe118.98 ITOS.F 2SLC.ZW
4NOAA 4/INTASAT/ 11115174 30etti. 104 tITOS.G/INTASAT/ 2SLC 2W

OSCAR 7 OSCAR
4NOAA S 7129/76 304dla- 126 ITOS.E 2 2SLC.2W

NIMBUS
N,mbus t SIZS/Sd Thor". Agena. 3 Nimbus.A 2SLC-2E
N,mbus 2 5/9 S/(_ 3Thoe.Asgna.E N;mbus-C 2SLC2E
Nimbus 5118/68 3Thof.Asena.g N,mbut-8 2SLCZE
Nimbus 3tSECtlR 4/13/69 3Thor.A_na. 10 IN,mbus.B21SECOR 2SLC 2E
Nimbus 4/TOPO I 4/8/70 3Thor.A_m=. 13 IN;mbus.OITOPO 2SLC-2E
N,mb_l 5 12110172 3Delta.g3 N:mbu_.E 2SLC'2W
N,mbus E 6/12175 30sit,- 9 | 9 N,mbus-F 2SLC'2W
N,mbus ? 101241711 30lisa- 145 N*mbus.G 2SLC'2W

GEOSTATIONARY OPERATIONAL ENVIRONMENTAL SATELLITES

___1 S/1 ?/'/4 _3_lm 102 SM$-A 17B 3938

2 2/6r_ _3_e1¢8 1M _Ms8 17B 4763
DES 1 10/16/'/§ 3Deist 116 GOES-A 17B 2977
DES 2 e/18/77 _30_18 131 GOES.B 1711 1967

4GOES 3 8/16/7E 3Delta 142 GOES_C 17| 4550
_4GOES 4 6/t/80 3Delta 1S2 GOES-D 17A 4642
=4GOES S 5/22/81 __Delt0 154 GOES-E 17A 8976
•,GOES S 4/28/83 _ol_ lrdl GOE_F I?A 7310
"GOES G $/3/86 3Delta 178 GOE._G 17A 4976

iNTERNATIONAL GEOSTATIONARY METEOROLOGICAL SATELLITES

4GMS (Ja_nl T/14177 3Delta. 132 GMS 17B 6245
4METEOSAT (ESAI 11122177 3Delta. 136 METEOSAT I7A 0450

GEODESY

MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR

NAME DATE VEHICLE COOE PAD TEST NO.

GEOS (Geodetic Setelliles)
GEOS t (Eeplorer 291 11/6"165 30*11=-34 GEOS-A tTA
PAGEOS ! 6123/66 3Thor*A_n_. ? * PAGEOS.A 2SLC.2E
GEOS 2 IE =plo*er 36I 1111168 3Delta-S6 GEOS.B 2SLC-2E
GEOS 3 4/917S 3Gels,. 109 GEOS-C ; 2SLC-2W

LAGEOS (Laser Geodynamic Satellites)
L AGEOS 1 5/4/78 30elea-123 LAGEOS 2SLC-2W

EARTH RESOURCES TECHNOLOGY

MISSION LAUNCH LAUNCH PAYLOAD

NAME DATE VEHICLE' CODE

LAUNCH

PAD

ERTS (Earth Resources Technology Satellites)
LANOSAT t 7123/7;_ 3Dell, 89
LANOSAT 2 112217S 30elta-t0T
L ANOSAT 3/OSCAR S 31Si78 30eito- 139

7/ISIE2 __elta. 163LANOSAT 4
4LANOSAT 5 311/84 De(r.- 174

ERTS-A 2SLC 2W
IERTS.i ZSLC _W

LANOSAT.C/ 2SLC2W
OSCAR
Llnthat.O 2-SLC.2W
Lmndtat O Prime '¢SLC-_N

1400

ETR

TEST NO.

RESULTS

S
$
S
$
S
S
S
S
5

S

S
S
S
S
S
S
S
S
$

S
S
U
S
U
S
S

S

S
S
U
S
S
S
$
S

S
S
S
$
S
S
S
S
U

S

S

RESULTS

RESULTS
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APPLICATIONSTECHNOLOGY

MISSION LAUNCH

NAME DATE

AT$ (AplMicotlont Technology •call:tat)

ATI 1 12/E/11

AT| 2 4/li1¢17

ATI 3 1 I_/qrl

All 4 Illl0/Im

All E 1/12/IJ

All • SI30/74

IrrRATEGI¢ OEFENM INITIATIVE

4sol-1 sm_s

LAUNCH PAYLOAD LAUNCH

VEHICLE CODE PAD

Attm-A4mm.l• ATI.II 12

Atlm.A_ne-21 AI_A 12

Atie_Aeemm-S ATS-¢ 12

Atlm-Cimtauw-17 AT$O 31iA

Aflll..Cammue-lll AlI.E XA

T_Ias II|-C AlI, F 40

1110 SOl-1 17B

ETR

TEST NO.

i_qr/

q70

1711

7m

s2w

RESULTS

•

P

$

P

$

MISSION LAUNCH

NAME DATE

SUBORBITAL

I1_1 Joe 9/9/59

MA- 1 7J 29/60

MR-1 11:21 60

MR.IA 12'10,60

MR-2 _Ch:mm "Him"| 1/31/61

MA.2 2,21/61

MR.lID 3:24;81

MR-3 (ShellUd) S_5/61

MR.4 (Gr*uom) 7/21/61

ORBITAL

MA-3 4 25,61

MA4 9/13/61

MS-1 11/1/81

MA.5 ICh,mp "'Enos") 11 29.61

MA.E IGlennl 2_ 20:82

MA.7 IClrplnterl 5. 24062

MA.8 ISch,tte) 10 3/62

MA.9 ICoopef) ._' 15'63

MISSION LAUNCH

NAME DATE

SUBORBITAL

Ge,mm: 2 1,19/65

ORBITAL

Gem,n* I 41 64

Gem:m "11iGe.tsom.Youml| 3.2365

Gemini • (McO,v,¢! Wh_tel 6,3 65

Gemm* S (Ca.oa4r.Conrad) 8.21.65

Gem*n: 6 Tit�e! Veh,cle 10,25:65
Gemm* ? |6ormen.t.oveit_ 12 4. GS

Gem,n, 6A (Sch,,re Seelto, d) 12. 1565

Gem,n* 8 Titbit Veh;cre 1; 16:66

Gem,m 8 (Armse#ons_coee| 3 18 66

Gem*n* 8 Target Veh,cie 5.17 66

Gem,n* 9A Au_lmmnled Tar�ee 6 _ 88

Gemm, 9A |Slaleord Cement 5 "t 66

Gemm* 10 'r,)rqel Veh,cle ? 18.66

Glmm* 10 IVOe.lng*Colhnll 7; 18 66

Gemm* 11 Target Veil,tie 9;12 66
Gem*m I1 (Conrad Gorclonl 912 66

Gemm | 12 Target Vvh,cle 11 11 66

Gomm* 12 ILovell.Aldem| 11,11,6t

MANNED SPACE FLIGHT
MERCURY

LAUNCH PAYLOAO LAUNCH

VEHICLE CODE PAD

Atl_- I00 SBp SIC

Mercuey-A IIN-$00 55;¢-4

Mercury-R eclsione. 1 "_JC-2

MercUry R_saone.3 SS,'C 2A

Mercu f V- Reel'•toMe* 2 Ss,cs

Mercury-A elas-6?D SSIC.6

MerCUry - RedslOfie*S $_P SIC

MerCUry. R I_st one-? F re_lom 7

Meecury.Rl_lstoe_e-9 L:bef_y Betl ?

Ue,cu_y-Atils-1000 5S/C 8

Mercurv.A_lls._O SS/C.BA

Me_cucy'S¢OUt

Me,cu_y Aq|_-8_O 9S_C.9

Mercury. Aries. 1090 Fr*endshql 7

Mercu_'y. A t Ils- 1070 Aurori 7

Mercuw v, A e|_- 1130 S,9ma ?

Mercury A IllS. 1300 Fa,'_h 7

GEMINI

LAUNCH

VEHICLE

T:ean il GLV.2

T,ea_ 41 Gt.V I

T,een il GLV}

7,lan li GLV •

T,een II GLV 5

Atlas TLV 5301

T_ten (I G_.V ?

T,ten li GLV._

A_.Jt 7LV 5302

T,_din II GLV8

Aoils TLV 5303

A_,85 TLV 5:_04

'rtan_t GLV9

A:_JI TLV 5305

T,van II GLVI0

At:is TLV 5306

I",t_n tl GLV 11

Aegis TLV $307

TOtdn II GLV.12

PAYLOAD

CODE

SGem:el* 51C2

• Gem:n: 8."(:.1

SGem,n, S_C 3

6Gem*na S.'C 4

SGem,n: _;,C S

Aqen_ TV 5002

_Geman, So C.7

5Gem_n* SiC 6

Agama TV 6003

SGem*n, S.C 8

A�ene TV SOCial

ATOA

_Gem:n: S.'C 9

Aqe*,,, TV _O_S

5Gem,m $/C 10

Aqena TV SO0_

_Gem*n* S_C' 11

Age.a TV 5001

_em,n* S/C I_

14

14

5

5

5

14

S

S

S

14

1;4

1811

14

14

14

14

14

LAUNCH

PAD

19

19

19

19

18

14

19

18

14

lg

14,

18

14

19

14

lg

14

18

ETR

TEST NO.

211|

1SOS

•SO0

6111

3808

419

1378

I01

19011

1135

1254

3753

1110

5460

85

66

125

ETR

TEST NO.

4466

275

475

1777

231S

4994

6145

7100

2166

lb03

2398

50GO

2433

5434

6833

2429

3287

3678

2742

RESULTS

RESULTS

S

S

S

S

u

5

S

P

P

U

P

P

$

$

S

S

$

S
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MISSION LAUNCH
NAME DATE

MSFN TEST & TRAINING SATELLITES
TTS 1/Pioneer 5 12113/67
TETR 2/P;om.. 9 1118/68
TET R/P_one_ 8127/69
TETR 3/OSO ? 9/29/71

SUBORBITAL
Apollo.Saturn 2/26/66

Apollo-Saturn 8125/66

EARTH ORBITAL
S41urn-Apolio 5/28/_

S41urn-Apoflo 9/18/64

Saturn-Apollo IPegBsus I) 2116/65
S4|urh*Apo|to (P_IaSUS ;_| 5/25/65

Saturn.Apollo (PIqlasus 31 7/30155

6APOllo 1

(Qr*slom, Wt)iteo Chaffee|

Apollo 4 11/9t67
Apollo 5 1/22/48
Apollo S 4/4/69
Apotlo 7 10/! 1/615

(khirrm, Eiwte, Cunn;nsham)
APOI_ II 3/3/40

(McO;v;tt, Scott, $¢hweickart)

LUNAR ORBITAL
Apollo 8 12/21/61

(Borm;m, Loyal|, Ahdors)
Apollo 10 S/18/49

(Stafford. Youns, ¢_mm)

LUNAR LANDING
pa|lo 11 7/16/69
Armstronll, Collins, Aldrinl

Apollo 12 11114169
(Conrlid, Gordon. Otanl

Apo||o 13 4/11170
(Lov,dl, $w;geM. Halse)

Apollo 14 1t31/71

APollo IS ?/:N_,rl 1
_Scott, Worden. Irwin)

Apollo 16 4/14/72
IYounll. MoltintllV. Dukel

Apo.O 17 12/7172
(Cormm. Ev_, Schmitt)

MISSION LAUNCH
NAME DATE

SKYLAB
Skylab 1 SI14173
$kylab 2 5/25/73

IConrad, Weitz, Kerw_hl
_kylab 3 7/211/73

(Bean. Ga, io|t. Lousma|

Sky|ab 4 11/16/73
ICarr, Posse. Gibsonl

APOLLO

LAUNCH PAYLOAD
VEHICLE CODE

3Oatta-SS ITTS.A
';Del¢a-60 1,rE TR-8
30eha.73 tTETR.C
30*dta.BS ITETR.D

SaCucn10 A5-201 5CSM.009
Saturn IB AS.202 SCSNk011

Saturn I SA.S 5CSM BP-13
Saturn I SA,7 5CSM 0@-'1S
Saturn I ._-9 5CSM BP'16
Saturn I SA.E "_SM 0P.26
Saturn t SA.10 SCSM GP.gA
Saturn _0 AS-204 5CSM-012

saturr* V AS.S01 5CSM.01?
Salurn 18 AS-204 8LM-I
SaCum V AS-502 5CSM-020
Saturn IB A$-20S 5CSM-101

Saturn V AS-SO4 SCSM-104, I.M-3

Saturn V AS.SO3 SCSM.103

saturn V AS-S0S SCSM-1060 LM-4

salu_n V AS-S01 5CSM-107, LM-5

Saturn V AS.S07 5CSM-108, LMAS

Saturn V AS-S09 SCSNI-ll09 LM-7

Saturn V AS-SOS 5C$M-110, LM.8

Salorn V AS-SIO .5CSM-112, LM-10

Saturn V AS.S11 5CSM.!13, LM.11

Saturn V AS.S12 5CSM-114, LM.12

SKYLAB

LAUNCH PAYLOAD
VEHICLE CODE

Saturn V A$-513 Orbital Workshop

Sa,urn 10 AS.Z06 S_$M. 11S

Saturn 10 AS-_07 5C$M-117

s.,.., eeAS.20e 5C_. 1T9

LAUNCH
PAD

175
I7B
17A
17A

34
34

378
375
378
378
376
34

3gA'
375
39A
34

39A

3gA

.:m

3gA

39A

39A

39A

39A

39A

39A

LAUNCH
PAD

39A
3gE

396

390

ETR
TEST NO.

2898
6850

4617

195
?897

2769
4444
143
2222
3S3O

72
'2329
6343
66

9O25

17o

92o

5307

2793

3381

7194

7744

1601

170Y

ETR

TEST NO.

6707
$914

4458

?729

RESULTS

S
S
u
S

s
$

s
s
s
s
$

S
s
P
s

s

s

s

P

s

s

s

s
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S

S
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INTERNATIONAL SPACE SCIENCE

MISSION LAUNCH LAUNCH PAYLOAD

NAME DATE VEHICLE CODE

LAUNCH

PAD

AERIEL (B;itish)
Aer;el 1 4/26/E2 Delta-9 $-Sl (UK-1I

ALOUETTE (Canadian}
Alouatta 1 9/29/82 Thor.Agena- I 5-27
AIoueU0 2/E xplor_ 31 11/28/65 Thor-Agena.S 1AIo_elII.B/DME-A

ISIS (Canadian)
ISIS 1 ll2S/Sg 3Oelta.G§ ISIS.A
ISIS 2 3/31/'11 3Oetta-84 IS15.8

17A

2SLC-2E
2SLC.2E

2SLC.2E
2SLC.2E

ESA (European Space Agency, Formerly ESRO)
9HEOS 1 12/SlU 3Oetta.Sl
4HEOS 2 1/31/72 3Oeftl-87
4TO 1 3/11/72 3Oalta-88
4Cosm*¢ 1 8/8/75 3Delta- 113
4Geos 4/20/77 3Delta- 130
4Geos 2 7/14/78 3Delta.143

HEO$.A
HEO$.A2
TD.1/A
COS-B
ESROIGe_
Gem-2

178
2SLC.2E

• 2SLC.2E
2SLC.2W

178
I?A

INTASAT (Spanish)
41NTASAT/NOAA 4/ 11/15/74 3Delta-104 " IlNSAT/ITOS

OSCAR ? /OSCAR
2SLC-2W

HE_ LIDS _Germln)'lHelios " 12/10/74 Titan I II.Ca_taur.2 Heli_.A
4Helios 2 1/15/78 Titan III.Cafltaur-S HeI_-B

IRA$ (Infrared Astronomical Satellite)

41RAS 1)2S/113 3Delta-tU IRAJi;

EXOSAT

4Ex_t 5/26/1|3 3Delta.IN " Sx_4t

41
41

2SLC.2W

2SLC-2W

A_AMTIVE MAGNETOSPHERIC PARTICLE TRACER EXPLORERS
PTE 8/15/84 3Delts'l"_ IAMPTE I?A

ETR

TEST NO.

83

8ss0

0747
5544

3718
2675

9406

4150

SI2S

RESULTS
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MISSION LAUNCH

NAME DATE

BIOFLIGHTS (Suborbital Primate Flights)
BIOFLIGHT I 12113158
8(OF LIGHT 2 S/2815g

BIOSClENCE

LAUNCH PAYLOAD

VEHICLE CODE"

Jup, ter AM- 13 Gordo
Jupiter AM,18 Able-Baker

BIDS IBiological Satellites)
BIDS I 12114166 3Delta.43 BtOS.A
BIDS 2 917167 3Della.S1 BIDS B
IIIOS 3 6/28108 3Delta.70 BIOS-D

LAUNCH

PAD

268
268

17A
1711
17A

ETR

TEST NO.

29O6
1751

7O60
4447

lg?

RESULTS

MISSION LAUNCH

NAME DATE

PIONEER (Lunar)
PionrHIr I 10111168
Pioneer 2 1lf8/58
Pioneer 3 12/6/58
P;oneer 4 3/3/59
Pioneer 11126159
Pioneer 9125160
P_o_eer 1211S/GQ

PIONEER (Inlerplanetary|
Pioneer 5 3/11/60
P,oneer 6 12/16/65
P;ona_ 7 8/17/f_
Pioneer 8/TTS 1 12113/67
Pioneer 9/TETR 2 11/81U
Ptcme_/TETR 8127/69
Pioneer 10 3/2/72
Pioneer 11 4/15173
Pmnm_ Venus 1 5t20178
Pioneer Venus 2 " 818178

RANGER

Ranger I 8/23161
Ranger 2 11118161
Ran�at 3 1125162
Ranger 4 4123/62
Ranger 5 10/18/62
Rlmtler 6 1130t64
Ranger 7 71281_1
Range, 8 2/17168
Ranw 9 3/21165

SURVEYOR
SurveyOr 1 5/30166
Surveyor 2 8120168
Surv_or 3 4117/67
Surveyor 4 7114/67
Surveyor 5 918/67
Surveyor G 11t7/67
Surveyor 7 1/7/88

LUNAR ORBITER
Lunar Orbiler 1 8110166
Lunar Orbiter 2 1 IIr_66
Lunar Orb+ler 3 2/4187
Luner Orbite_ 4 5/4/87
Lun_ Orb_tm 5 11/1/67

MARINER
MM*e'NIr 1 (VenuS) 7122162
M_ie_, 2 (Venus) B/27/62
M_mer 3 (Mars( 11/5164
M,,wimlr 4 IMars) 11/28/64
Mariner 5 (VenuS) 8114/87
M_i_ 6 (M_sl 2124169
Mariner 7 (Mars) 3/27/69
Mariner 8 (Mart) 5/5171
Mar into 8 (Mars) 5130/71
Mariner i0 (Mercury) 11/3/73

VIKING
V=kmg 1 IMers) 11120/75
V*kinq 2 (M_es) 919175

VOYAGER

Voy,Nwr 2 8120177
Voyicjer I 9/5177

LAUNCH

VEHICLE

Thc_-Abl_ 1
Thor.Able-2
Juno II AM.11
Juno II AM-14
At(N-Able, 1
Atlas-Able.2
Atles-Abl4_ 3

Thor.Able-4
3Delta-35
3Oelta-40
3Delta-SS

33_neha-EO"
Deltl-73
At(el-Centaur.27
At(as-Ceflteur.30
Atlis-Cent_v-50
At(as-Centaur.51

At(ll.Agene- 1
At(_l-Ageni.2
Atlas-Agena-3
Atl_l-Agena-4
At(as.Agena-7
A_llri-A_8
At(es.Agena-9
A t(es-Agena. 13
A'dl_,Agena-14

At(as.Centaur- 10
Atlas-Centaur-7
Arias-Centaur- ! 2
At(as-Centaur. 11

At(as-Centaur- 13
&das-1._enqaur- 14
At(as-Centaur IS

Aflas.A�ana- 17
At(at.Agena- 18
At(as.Agena-20
Aflas-Agena-22
Ar(as-Agena.24

AT(N.Agtna 5
A I(as-Aguna-G
Atlas.AQent 11
Atias-Agena. 12
Atlas-Agena-23
Atlas-Centaur-20
Atlas.Centaur. 19
Arias.Centaur 24
Alias.Centaur.23
AIIJrI.Clntlur.34

Titan lit Centaur.4
Tllan III Cenlaur.3

Tilln (I I-Centaur' 7
Titan Ill-Centaur.6

PAYLOAD

CODE

LAUNCH

PAD

ETR

TEST NO. RESULTS

- 17A 1863 U
- 17A 1896 U
- 5 2907 U
- 5 250 S

i4 4122 U
P-30 12 2801 U
P.31 12 4508 U

43
4867
3633
2898
6850
2052
2104
8O88
2440
7450

5O50
4507
125
821
5050
250
448

235

3_

184
5739
6950
4213
7213
2020
13114

P.2 17A
Pioneer-A 17A
Pion_r-B 17A

lpioneer-C 178
1pioneer-O 17B
IPioneer-E 17A

Pioneer.F 36A
Pion*er-G 36B
Pmneer Venus Orbiter 36A
Pioneer Venus 3GA
Mulliprobe

P.32 12 "
P-33 12
a-34 12
P-3S ! 2
P.3G 12

Ran�er-A (P.63I 12
Ranger-8 (P-54) 12
R enger-C 12
Ran_-O 12

5urveyor-A 36A
Surveyor.8 36A
Surveyor.C 36B
Survayo,.D 36A
Survayor-E 368
Surveyor-F 368
SurveVor.G 36A

LO-A 13 4003
LOB 13 1469
LO.C 13 3424
LO.O 13 ' 2935
LO-E 13 , 6622

P.37 12 25O0 U
P.38 12 3731 5
Mariner.64C 13 5800 U
Mari.ner-640 12 5049 S
Ma.nev-67E 12 5102 5
Marmer-G9F 368 183 S
Mariner 696 36A 6891 $
Mar;net-71H 36A 36G U
Mariner-711 36B 7744 S
Mariner. 73.1 368 3369 S

V tking. A 41 33¢JG 5
Viking-8 41 3717 S

Vov_jer.2 41 0808 5
Voy,_ter-I 41 0777 5

S
S
$
S
S
U
S
S
S
S

U
U
U
P
P
P
S
S
S

S
P
5
P
S
S
$

5O



COMMUNICATIONS
TECHNOLOGY DEVELOPMENT

MISSION LAUNCH LAUNCH - PAYLOAD LAUNCH

NAME DATE VEHICLE CODE PAO

ECHO

Echo 5113/60 Oelt=-I A.t0 17A
Echo 1 8/12160 Delta-2 A.11 17A
Echo IB;(I Shot 1I 1/15/62 Tho_.337 AVT. 1 (A. 12) 17A
Echo IBig Shot 2l 7/18162 Thor-338 AVT.2 (A-1,21 17A
Echo 2 1125164 Thar,Aqeno-2 A-12 "2SLC-2E

1 E LSTAR

4Telstar I . 7/10/62 Oelrl-I1 A-40 978
4Telstlr 2 517/113 Detta.18 A-41 178

RELAY

Relay ! 12t13/62 Della 15 A.15 17A
Relay 2 1/21/64 Daha-23 A-16 178

SYNCOM

Syncom 1 2114/63 OeltavlG 5yncom.A IA25) 178
Syncom 2 |Atlantic) 7126/63 Delta-30 Syncom.B (A.26| 17A
Syncom 3 (Pac;ficl 8/19184 Dalta.25 Syncom.C 1 ?A

SYMPHONIE (French.German Experimental Communications Satellites)
4Symphonic 1 12/18/74 3Delta. I06 Symphonie.A 178
4Symphome 3 8126175 ]Oeha.114 Svmphonia-B 17A

COMMUNICATIONS TECHNOLOGY SATELL.ITES

CTS IU.S..Canad_anI , 1/17/76 aOelta 119 CTS 176
4SlRIO II talien) 8/25177 3Delta-t33 SIR)O 178
4OTS. 1 (ESA) 9113177 3Dalta'134 OTS tTA
=4CS (Japan) 13114/77 3Della- 137 CS 178
_BSE i Japan) 4/7/78 3Deha'140 BSE 178
4OT5,2 IESA) 5/19178 3Delta- 141 OTS-2 17A

OPERA TIONAL S Y STEMS

MISSION LAUNCH LAUNCH PAYLOAD LAUNCH

NAME DATE VEHICLE CODE PAD

INTERNATIONAL TELECOMMUNICATIONS SATELLITE ORGANIZATION
4in)else) I (Early Gird) 416165 • 3Delta.30 EB.A 17A
4tntels4t II (Lam B,d| 10/26166 3Delta.42 F.t 178 '
4|ntelsat II 1/11/67 30alia.44 ,F-2 176
4)ntalsat II 3/22167 3Delta.47 F-3 976
4lnteltat II 5/27/67 3Delta-52 F-4 178
4|ntelsat lid 9118168 3Delta-S9 I|f-A 17A
41ntelsat Ill 12/18/68 3Delta.63 F.2 17A
41nteltat Ill 2/5169 3Delta.66 F.3 17A
41ntelsat Ill 5121169 3Delta.G8 F-4 17A
41ntel14t Ill 7/25/65 3Delta.71 Ill*E 17A
4In tellkllt Ill t/14/70 3Dalta.75 F.6 17A
41ntalta! Ill 4/22170 3Delta.78 F.7 17A
4lmeltat Ill 7123170 3Delta.79 III.H 17A
41ntals4t IV 1/25/71 Atlas-Centaur-25 F.2 36A
41ntelsat IV 12/19/71 Alias-Centaur 26 F 3 36A
41ntalsat IV 1122172 Atlas-Centaur.28 F.4 368
4lntaltal IV 6113172 Atlas.Cent aur-29 F.5 36B
4In lelS,ll! IV 8123173 A ties-Centaur-31 F.? 36A
4lnlelsat IV 11/21/74 Atlas,Centaur.32 F5 368
41ntal_t IV 2/20/75 Atlas-Centaur.33 F.6 3GA
41ntals4t IV 5/22/75 Alias.Centaur-35 F-1 3GA
41ntelt41 IV-A 9125175 Atlas Centaur 36 F.I 368

41nte/sa! IV,A 1/29/76 Atles-Cefllaur.37 F .2 3GB
41nlelsat IV A 5/26/77 Atlas-Centaur-39 F.4 35A
4lntalsat IV,A" 9129177 AtlasCentaur.43 F5 36A
4lntelsdlt IV.A 1/6/78 Atlet.Cantaur.46 F.3 368
41ntelr, at IV,A 3/31/78 Atla$.Cantaue48 F 6 368
41ntelsat V 12/6/80 Atla$.Canlaur.54 F 2 368

lntelsat V 5/23/81 AUas,Centaur-55 _ F-t 3GB

-Intehl4t V, 12/15/81 Alias.Cent aur.55 F.3 368
41ntelm V 314/82 Atlet.Ccntwr-58 F.4 36A
41ntetset V 91211/62 Atlas.Centaur60 F.5 368
41ntels4t V 5215/83 Atlas-Centaur G I F-6 34A

lntelset , Aflet-Centaur-52 - 368V 8fll/84

Inter V-A 3/18/08 Atlm-Cantaur-(L1 F-10 368

lnlelut 11/211/85 Atlas-Centeur.64 F- 11 _.BV-k

Intelut V.k 8/28/85 Atlet.Centmar.66 F-12 3611

WESTAR (U. S. Domestic Communicationl Satellites)

4Waster _ 4/13174 3Oelt a- 101 Wetter. k 17B
4Wetta_ 10110174 3Delta- 103 WetteF,B 17B
4Wetter 3 8/9/'/9 3Delta-149 Wetter,C tTA
4Wester IV 2/25182 3Belt e- 180 Wetter.D 17 A
4Wetter V 618182 3Delta. t 52 Wetter.E 17A
See Note 7

RCA (U. S. Domeslic Communications Satellites)

4SATCOM I 13112/75 3Oelte.l Ill SATCOM.A 17A
4$ATCOM 2 3126176 3Oelt a. 121 SATCOM It 17 A
4SATCOM 3 1216r/5 3Delta. 150 SATCOM-C 17A
4SATCOM 3R 11/19/81 304I¢a. 158 SATCOM.O 17A
45ATCOM IV 1115/83 3Oella.159 SATCOM.C 17A
45ATCOM V 10/37182 3Delta. 165 6ATCOME 178
4SATCOM I R 4/I 1/83 3Belie.IS7 SATCOM 1R 17A
4SATCOM 3R 918183 3Delta. 172 SATCOM 2R 178

See Note 7

ETR

TEST NO.

618
1506
6210
82

1341
1600

3568
475

136
3710
136

3862
5365

2516
5999
4010
1555
4360
4440

ETR

TEST NO.

5o0
5123
7367
5191
6588
7970
138 0
3320
4501
2400
8460
$433
1003
2222
1473
515
1240
2207
3650
3757
6103
3072

4740
1666
2050
3525
2469
5550

6592
5674
2014
5252
3167

6315

5467

6809

7662

4417
4957
2292
3687
4551

2719
3788
4555
8089
4732
8SCA
3O37
8036

RESULTS
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S
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S
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S
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MISSION LAUNCH LAUNCH PAYLOAD

NAME DATE VEHICLE CODE

BEACON
Beacon 10122158
Beacon 8/14/59

Juno | R5 49
Juno II AM 190

VANGUARD

Vanguard 2 2/17/59
Vaneuar d 4/13159
Vanguard 6122159
Vanguard 3 9/18/59

EXPLORER
Explorer 7/16/59
Explnr*r 6 517/59
Explorer 7 10113159
Explorer 3/23160
Explorer 8 11/3/60
E uplorer 2/24t51
Explorer 10 3/25161

Exploler 11 4127161
Explorer 5124/61
Explorer 12 8/15161
Explorer 14 1012162
Exptorer 15 10127162
Explorer 17 4/2/63
Explorer 18 11/26/63
Oexcon-E xplorar 3119164
Explorer 21 10/3/64
Explorer 26 12121/64
Explorer 28 5129165
Explorer 311Alouette 2 11128/65
Explorer 32 5/25/66

Explorer 33 711166
Explorer 34 5/24167
Explorer 35 7/19/67
Explorer 38 7/4/58
Explorer 41 6121169
Explorer 43 , 3/13171

Explorar 47 9122/72
Explorer 49 6110173
Explorer 50 10125/73
Explorer 51 12/15173
Explorer 54 1016175
8 xplorer 55 11119175
ISEE 1&2 10/22177

41UE 1/26178
4ISEE 3 8/12/78

Ovnarnic Explorer 813/81
SME IUOSAT 10/6/81

OSO (Orbiting Solar ObserVatories)

LAUNCH

PAD

5
2G0

ETR

TEST NO

1800
2342

RESULTS

u
u

VampJard SLV,4 59 Alpha 18A 260 P
Vanguard 5LV5 - 18A 771 U
Vanguard SLV6 - 18A 1008 U
Vanguard 5LV7 59 E14 18A 2111 S

Juno II AM-16 5.1 5 2000 U
Thor-Able-3 5.2 17A 1005 S
Juno II AMIGA S, la 5 3509 S
Juno II AM-19C 546 260 620 U
Juno It AM. 190 5.30 260 4504 $
Juno II AM-tgF 5-45 2613 5109 U
Della-4 P. 14 17A 407 S

Juno II AM, 198 S. 15 268 814 5
Juno II AM-19G 6-45a 26B 1253 U
DeJta.6 S-3 17A 1811 S
Delta,13 5341 17U 4244 S
Oeha. 14 S-3b 170 6146 S
Oaha, l? 5-6 17A 510 S
Oella.21 IMP-A (S.74) 170 6900 S
Delta.24 BE-A IS G6l 17A 125 U
Delta 25 IMP.O (8.74a) 17A 131 S

Oeha.27 EPEO (5.3c) 17A 2873 5
Delta-31 IMP C (5-74bi 170 1922 5
Thor,Agone.5 1OME.A/Alou.B 2SLC-2E S
Oxha-38 ,AEB (S,6a) 170 238 S

3Delta-39 IMP.O 17A 3329 S
30ella.49 IMP.F 2SLC-2E S

3Della-50 IMP-E (lunar) 2170 1073 S
3Della.57 RAE.A SLC.2E S

Doha-69 IMP.G 2$LC2W S
3Delta-03 IMP-I 17A 9135 S
3Delta-gO IMP.H 17B 1361 5
3Oaha-gS RAE-B (lunar) 17B 2314 S

3Delta-97 IMP.J 2170 3964 S
3Oaha-g9 AE-C $LC.2W S
3Oaha. 115 AE-O 2SLC-2W 5
30eha-117 AE-E 17B 2708 5
30eha.135 11SEE A&O 17B 1133 S
30eha-138 IUE 17A 3990 S

Oelta. 144 ISE E-C 170 6366 S
3Delta- 155 _OE A&I) z.SLC-2W S

Delta-157 "SME/UOSAT '_SLC-2W S

17A
176
179
17A
170
170
17A
17A
170

12
2SLC2E

12
2SLC-2E

13
25LC.28

12
36B
36B
36B

360
368

368

17B

17A

OSO 1 317162 Delta-0 O50 A (S- 16)
OSO 2 213/65 Deha -2cJ 0SO-82 (5.17l
OSO 8125165 Delta-33 O50 C
O80 3 3/8/67 Oelta.46 O50-E1
OSO 4 1011816? Delta,53 O500
OSO 5 1122169 Della-G4 OSO- F
050 6/PAC 6/9169 3Delta.72 IOSO-G/PAC "
OSO 71TETR 3 9t29/71 3Delta-85 IO50-H/TETR-O
OSO 8 6121/'75 30elra-112 O50.I

aGO (Orbiting Geophysical Observatories)
OGO 1 914164 A lies-Agone- 10 OGO-A
OGO 2 10/14/65 3Thor.Agone-4 OGO-C

OGO 3 . 6t6t66 Allas.Agena.16 0G08
aGO 4 7128167 3Thor.Agone-8 OGOO
OGO 5 314168 Arlas.Agtna.26 OGO-E
aGO 6 6/5/69 3Thor. Agone- 11 aGO. F

124
3O4
466
6936
153
596O
4744
4617
53OO

4307

6423

3366

0O50
1979
2969
8506

3133
4444

6310

7802

5999

nAn (Orbiting Astronomical Observatories)
nan 1 418166 Allac-Agena-15 OAO-A 1
OAO 2 12/7/58 Atlas-Centaur,16 nAn.A2
OAO 11130170 Atlas.Centaur.21 OAO.8
OAO 3 ICopernicusl 8/21t72 Atlas,Centaur*22 OAO,C

HEAO (High Energy Astronomy Observatories)
HEAO 1 9112177 Atlxs-Cxntaur-45 HE AO.A
HEAO 2 (Einstein) 11113/78 Atlas,Centaur.52 HEAO*B

HEAO 3 9/20/79 Atlas.Camaur-53 HEAO-C

SCATHA (Spacecralt Charging At High Altitudes)

4 SCATHA 1/30/79 Oeha- 148 5CATHA

SMM (Solar Max;mum Mission)

SMM 2114180 Delta. 151 SMM

52



Space Science, Physics and Astronomy (Continued)

GALAXY

4Qalaxy I 6128/93 3Delto. 170 Galaxy A t 78

40ala_v II 9/22/93 -3Delza.173 Golaxy B 17A
Gollmy |ll 9/21/84 3Oeltm-176 Galaxy I1| 17B

MARISAT (U.S. Maritime Communications Satellites)
4Marisat t 2/19176 3Oolla- 120 Msei_l-A 178
4Marisat 2 619176 3Oelta- 124 MariSal-B t 7A
4Mar isaz 3 10114176 3Delta- 127 Mtr ;sat .C 17A

FLTSATCOM (U.S. Fleet Satellite Communications Spacecraft)

FLTSATCOM 1 2/9//8 Atla$-Ctnteur -44 FLTSATCOM- A 36A
F LTSATCOM 2 5/4[79 Asia-Centaur -47 FLTSATCOM-B 36A

4F LTSATCOM 3 1117/80 Atl_-Centaur-49 FLTSATCOM-C 345A
4FLTSATCOM 4 10/30/80 Aelw.Ceotaut.67 FLTSATCOM°D 36A
4FLT_ATCOM 5 8/8/91 At las-Centaur-S9 FLTSATCOM-E 36A
4FLTSATCOM 7 12/4/118 Atlu-Centau r-64 FLTSATCOM-G XB

COMSTAR (U.S, Domestic Communications Satellites1
4Comst,r D. t 5/1 "I/78 A _las-Cenfeur. 38 Comsra¢ 0- ! "16A
4Coaster D-2 7122176 Atlas.Centaur.40 Com$1ar 02 368

Coaster 0-3 G/29f78 Atlet-Cenzeur.41 Cornstar 0-3 3611
Comslar D.4 2/21/91 Atlas.Centaur-e2 Coaster D-4 36A

SKYNET (British Communications Satellites)

4Skyhet I 11/21/69 3Delta-74 Skynet-A 17A
4Sk vmrt 2 8/19170 3Della-80 Sk vnel.B 17A
4$kynet 1/18/74 30ella.t00 $kvnel-2A 17B
4Skynet 3 11122174 30611a- 105 Sk ynet-28 178

TELESAT (Canadian Oomosti¢ Communications Satellites)
4Telesat t IAmk 1) 11/9//2 3Delta-02 Tel_at-A 178
41'olesat 2 IAnik 2l 4/20/73 3Delta-B4 Telesat- B i79
4Telewl 3 (Anik 3l 5/7//§ 3Delta-t 10 Telesat-C 170
4"relewt 4 (Anik B) 12/18//6 3Oella-147 _ralesat-O tTA
4Telmt 8 (&nik 0. I I 8/26/ID2 3Oelte. t 64 Te|u4t-F 178

See Note ?

N_TOSAT [North Atlantic Treaty Organization Communications Satellites)
--NATOSAT 1 3/20/70 3Oelta-77 :- NAT0.A 17A
4NATOSAT 2 2/2171 3De|za.82 NATO-B 17A
4NATO IliA • 4/22/76 3Oelta-122 NATO IlIA 17B
4NATO IIIB 1127//7 3Oella-128 NATO 1lib 17A
4NATO IIlC 11/18/78 3Oelta-148 NATO IIl(_ 170
4NATO IIID 11113J64 3DeltB-177 NATO IIIO 17A

PALAPA (indonesian Domestic Communications Satellites)

4Palal_ 1 '1/9//6 3Oeite-125 Pllel_-A • I?'A
4pelalll 2 3/10/77 30_ta- 129 Pmlap_li 17A

See Note 7

SBS-A (Satellite Business Systems)

4SBS.1 11/18/110 3Oelte-lS3 SB$-A 17A
4565-2 9/24/81 3Oelta. IS6 S8S-B 17A

See Note 7

INSAT

4|nsat.tA 4/10/82 3Deltas161 Insat-lA 17A

TELSTAR

4T_bsl_ _A 7_8/83 3D_t_171

See No_ 7

4241
f_S3
4691

42O0
20.10
6911

2321
2513
8220
8335
8189
0692

2211
6gog"

3888

6767

155
5980
8232
3710

2489
5887
701 t
5929
6027

4100
7911
2190
4499
6446

29M

5660
1500

5763
2703

7842

S
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S
S
8

S
S
S
S
S
S

S
S
S

S

S
S
U
S

S
S
S
S
S

S
S
S
S
S

S

S
S

S
S

P

TMs_r_ 17A 8965 S

53
q



6.4 NASA LAUNCH/FLIGHT/CONFIGURATION STATISTICS

U. S. Launch Vehicles
II'ROPUCmON

VINCII
¢ontr_'_l Ueet

VelVcte kkmme Agcwcy No. Engnm

BASIC VEHICLES

DIMENSIONS PIERFOIRMANC_
• W_Ztah'T h_0b.)

IMr_ Mlrlel_

34DTmmup U_ 0 ! z 120.4n UA 1_105 _rlp"on)

2 z ABOlet LR.87..,4U-11

2 1 zzAI¢_ LR.gl.AJ-11

3 2 x Adzo_( AJ10.136
Tlar_34D USAF 0

NoU_wSWe I
2

_2_V USAF 1

T_lm3 Com- 0

2
Tim4 0

_G_ JSAF 1
2
3

Tim4 ILB U6AF 0
1
2
I

2s l_..m,UA120SMm>.m)
2 x Aem_t LR47-AJ-11

1 xAlolot LR-III.,AJ-11
2 • Am_etLq_?-AJ-S

' ia_ LR41-.M.5
') • 120.,_UAi2OG(Jm>cN
'2a,/_t LR#7,.A,/-li
'1__ l.R-lh-@kJ-11
2• 120n UA120"/(ll_

!2 x/4ojet LR.07-AJ-ll
I 1x/WoietLR-01-AJ-11
12 xP&v_RLt_

2 x 120 in.UAI_7 (mip,on)

2 x_ I.R.9?.AJ-II
I x AI_ LR-iI,AJ-1 i

I • UTC IIM _clz_ molB-1
1xUTCi_¢1mcMtm_of.2

Aim G.Cmllur
D.1A/Alll H

I 2xRocke*d_Yt.R.eS.NA7

OiIhl)i4/ _ I
Dela_4 )I

2
3

2
3

2

DUm _ @w I_m_o

IAwlmMl.olla--
14mnnMl.o_tm

UTC
Mm_ W4m_ --
MminIdw'io_ --
14w_Mm_a --
Mm_ I_mee_ --
UTC
MwmMim_ --
Mm_ I/4m_ --
UTC
Ma_nMm_z --
Mm_ Mw_la --

tl_
UTC
MBI_Mm_a --
M_n Mm_a --
e_

$¢dlmd 24_.0(XP 10..2 904 I,514,600 4,200_ --
_N_O,,/_ 520,000 10.0 "/'0.6

n_'5_ 101,000 I00 37.0
,,_ 19,000 I0.0 14.7

24U_,000' 102 1104 1,492J00 _/JI00, --
N_,JNV.I.5-.LA:)k_ s2'_.ooo IO.O m9

101,000 100 31.3
430.000• IO0 /0.2 340900 4,200 --
l_),_oIv..-) lO.O 234
246,2_,000_ 10.2 1)0.4 1.4112.,_0E/,000_ --

529.000 10.0 _.6101,C00 10.0 91,3
910.400,000' 10,.2 11_.1) 1J)10,441}10,000 --

546,000 10,0 16.5104,000 lO.O 37.9

LOX/U% 33,O00 I,_ 29.3
310,400,_0_ 10,2 112.1) 1,185,525$,300 --

_ 946.ooo io.o u.s

IN,_4fUOi/_ 104,000 10.0 32.644,100 4.5 16.4 _--
IU00 ,--

8O,OO0 I0471. 29_,000 'I,ooo_

Z x11vo_ Sw 411 lS.O00

1/o¢(o _ 161,000

3| , _ _llr., A,In_MAJi0-11_K _i_/Oo_ PAM.O _./NeH4.._ 15,00010,000

Sm,t _V.tA
U_ 2

3
4

LOX/FIJ-I I L_)S.000 0 794 420,5001 2,0Mal 1.,..q_)l
Solid 't_7,000a 3.3 36,6 425.300 2.430 1,'tO

15,000 92 &o
I LO_ 207,000 8 724 4Z2.100/ 2.460ml 1.740/
SOk_ _7_00_ 33 _9 426,322 2_0 2,OOO

4 7.2

0 15,4 4_2JI00 _ --
93 36.6
II 19.3
4 7,?.

I I1_ 4410,000 &/'Z0m --
3.3

$ 19'1
4 7.2

,• 9 L'rv 9,
1• Thiolko/_ll_2 LW Ca_' 2A _ 61.800
1• _Arl_3 LTV Anlll_ _ _ 21,000
I xT'llolu_AIIik3 LW NIII9 _M 5,700

_n

1'5

C,41e_MrO.1A/O.fl"_ _ Vmm I 2 _I_W RL10A-_.�A
|

IMI_ M_ettl

I • _ TE-I_16

I GoyoII.,,,,w _ LOX/U% IO,n00

JMm_ Mmam [ l'mnIp _ I'U00

I F,,,._r,p_, I msm,.1 r,_

2 xTh_ol _w-_ McO/Oo_lm SGS-2 Mold 1¢000

PAM-D _ iS,000
1x_ PAM..OII PAM-01I _ 17,100

SIMS-2

Orb_ll k

,-: I:
., j 10,1100

Sammu TC_ _ 44,100

,T,omml AMS NIO#MMH 2,MO
Saw_m TO_/AMS _ _l,lm

N_O,v_ Z.MO

_m o_ s_ v_m vm S_l

_ Imm_m_ tjuneh_ f_ elztxwmo_w_ m

"° I,=
,0j,,o i.=

(

" != -4.4

4.O 13-0 11390 1,100I --
S.0 7.5 12.71)0 4,4OOI ES,10
4.0 i.S ?,100 2,/S_ I,l_0
(,.3 9`5 12,270 4,010 2..I00

0`5 11.4 Js2jii 5,ooo4Lo_l11,o_n/.

lull 10.7 _1,010 19,4_0m 1,180

_2.0 64 11_ _,o0om
12.0 1S7 3_,3Q0 LS00 10,1tg0
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U. S. Spacecraft

WelW 1, ?.,314,s, (I, 6S

M_let 1, 2, 3
_ 1,2.3,4

SI_ 1._ 3.4.$

1.2.3
S_.

_t2

RO,/G_/Sp_m_ Corn
RC_,'GTE _ Co,

_,_.

_S_t T.V _.
F_ _

mlll_

/gO
1,746

2,86'7

1,483
1222
MOO
4245

0_1
Nks/Calur
kWle3
ktlnl 3
0_lts/c_uale/A_kme 3
De_/Snum
OeRI

T_ 12-tnms Ind/our 24 m m/4,.13-74; 10.10.74; _71_12.25_. _I041_ 6 _.
10-14,,,114.
Naw/Co_m'1 =rippnQ rat 10.q_
Four 24-rim, _ m=/lut 2/11,1.
C, Ku-i_r_i.15._'_.,64;11-lblM;16M.

5.7-85 3/e_; film
10.¢hann__ dlta r_ey, 6 m I'WTI/11-I_I0; 9-2441; 11-11,._, 8.30-14.
24-_lmpon_, 6/4 GHZmei_s o_ by AT & T/?-I_; Ik14N, 6.,65

oorry_ Mt_; 24 IlWl. 614 GP4r.,_1 IJ _01_1_-26-1_; _-_'7,._ I_M.
C, K_nd 6/27/05: lilGO

111_/1_; 11116,1ill0.
_ K_I un{MIm_md.
011ct I:XO4dC_ T.V+/E_d-_
Fred moe c/_/1_d.M.

obu,_v'*_ao_Vmchmdu_dI_.

h •

0SCS-Z

DS_-3

123,4.6,7J

slim om S_lm.

K_ SmmcI_cen

N.r.=

Fm_ (Code 711)

Ck_b,
Lomt

'mW/Now/_, F==

I,,od_/kk r._

N=W

RCaVN=w

Roch,_,'D_rm D_t=.

nC,_OW_m D=pt

1,116

1JM7

2.100 IMm00

_,ooo(m)

_,oooIra.)

_,lS? (sk_ 11
2,ooo 21
1,131_ SOd)
1,161_ SO-Z
_/'_ _ _O-_)

u

m

E/F.Sllao (t0ee)
L_I_ IMQ)

/Ult= E
1"_ 2.9.V
Tw_ 2 St.V
'r_/.,qw=

Smmce_L,,_',w_omm_ r_ moz_mwe_,n=_ up_ 1,,I00dup_mira
cll,lnm_/11-2.71

_ _/10-_0,_
_ _ _' _ 1 _ _ _ _ _ _

Gomm._ (AF_ OOM)-2-1)-07.No. Sdlnq_l inm1_.S-4-71);,1.17.00.10.30.
IO. &_l

_rov,_s U_ COmmun_ kx m_ic k_l eemruimm bW,_n Sa_m, _mm_
F_ Found =z_m, m_,c dm r_

S_fe_tes in 600-nt pew om=/lll_0.1113.
S_ opm_aW

bonlS-14-81;10-11,.64. / "

_ mq=_d=l_ vd'_le 10-1),._ Rm =hu_=eIwxch in 1_
Pto_le _ metmoloQi_ inio./Diock r_-2,1_-l_lBIock SD-$ I'BO+

N

CNE'S.-.Fmn=hN_,m,-,_C4m,, k_ S,p_m Se._m;

of ECT& GEC MWCm.SAT, Sokm./_I.

ESC,.-Eump_n Commun_ ,T=v,_,
or -Ow_W E0_Inc.

IRAS--lnlmn_/umo+_mm_ ,_j;

IRM--4m R4m_ Mock;
t o+Silo= l A=lnmm._¢WSoonce+
Lllmqlory.

_ tlo_tm++ltmm.

MOAC,--_C0Or_ I__ A_mnu= CO;
Mllm--4kllm_ Etlc_ _o.
MESI.t...,kt_,, ERNO, S4mio.I.I_D, Amm_.
_ I'leeW Indun_
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6.5 STS PROGRAM STATISTICS
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6.5.1 FACTORS WHICH AFFECT STS LAUNCH RATE

FACTORS WHICH AFFECT LAUNCH

RATE INCLUDE:

• GROUND TURNAROUND TIME

• GROUND PROCESSING ANOMALIES

(SERIAL HITS)

• MISSION DURATION

• GROUND PROCESSING MANPOWER

AND SHIFTING

• ORBITER MODIFICATIONS

• ORBITER "OUT OF SERVICE" TIME

• LAUNCH WINDOWS

KSC

._" _'/ SHUTTLE
OPERATIONS KSC

• WEATHER EFFECTS

• NON-KSC LANDINGS

• VAFB/KSC ORBITER TRANSFERS

• MAJOR FLIGHT ()R GROUND

HARDWARE/SOFTWARE PROBLEMS

• LOGISTICS - SPARES AVAILABILITY

• ORBITER FLEET SIZE

• FACILITIES AVAILABILITY

"[HP,EE (_filTER FLEET

LAIJHCHRATE CAP/iBILITY STUDY

....,. R. SIECK

o,=. GM

0""' 6186'

0 STANDARD

$HUTTkE PROCESSIN,GTIME ruleRS

CRITICAL PATH PROCESSING DRIVERS

O TEST REQUIREMENTS (OHRSD)
o PLB DECONFIGURATION/RECONF IGURATION REOUI REMENTS
O PL/EXPERIMENT OFFLOAD REOUIREMENTS
o PLfi CLEANLINESS REQUIREMENTS
O STANDARD HAINTENANCE REQUIREMENTS
O STANDARD TPS TILE TASKS

NON-STANDARD PROCESSING DRIVI_RS

0 t)RBITER MOO REOUIREMENTS
0 /)EFERRED WORK REQUIRENENTS
O "IME/CYCLE MAINTENANCE REOUI I_EMENTS
O IN-FLIGHT ANOMALY RESOLUTION REQUIREMENTS
O IN-PROCESSING ANOHALY RESOLUTION REQUIREMENTS
O STRUCTURAL INSPECTION REQUIREMENTS AND RESULTANT FINDiI_GS RESOLUTION
o MISSION PERFORMANCE R/R REOUIREMENTS
o TAIL CONE)FERRY KIT INSTL./REHOVAL REOUIRrd4ENTS

OTHER PROCESSING DRIVERS

O
O
O
O
O
O
O
O
O
O

PARES AVAILABILITY/CANNIBALIZATION REOUIREJ4ENTS
CTRICAL CONNECTOR RETEST REQUIREMENTS
Si) IN-FLOW CHN_,;FS

REAL TIME (DALLY H(CBD) worn( REQUIREMENTS
AtIOMALY CORRECTIVE ACTION RETEST REQUIREMENTS
_AFETY RECIIIREHENTS/CONSTRAINTS
I'ACILITY ANOe'iALY RESOLUTION AND OUTAGES
_EATIIER CONSTRAINTS (PAD 0PS)
LATE PAYLOAD INSTALLATION REQUIREMENTS
LATE PAYLOAD BAY ACCESS REOUIREHENTS

PA(]E_INT_NTIONALLY BLANK
• " ,J_9 ....



6.5.2 OPERATIONS COST & MANPOWER DATA

LIFE CYCLE COST BASIS

"The estimated full costs are particularly sensitive to

the number of flights, because fixed costs, either

operational or capital, must be spread over a s_ller

base if flights are less than 24 per year estimated by

NASA. In table 3 of my full testin_y, there is an

indication of the sensitivity of the est/mates. " For

example, if there are only 12 flights instead of 24 in

1989, the average full cost increases to $258 millic_."

S0_: Eric Hanushek,Deputy Director, Co_/r_si_/ B_t Offioe.
(Congressionalhearings before the Sut_om_Ltteeon Science,
Tec2'u'K_ogy, and Space -- Fiscal 1986)

_r 156s con_qE-ss'_oN_.8u_T
COSTt_{fUG.T OPERATION5COSTS

KIN $ IN MILLIONS)

.__ vF/,,,.

Sill 334 .Z 397.9

[T : 283.6 30o.0

I.AIJO MEItATION5 326.5 340.1

PIIOPI[LLMTS 1g. S 24.0

iS[ 22.0 ZZ.4

FLIGHT0PEAATI0#5 259.6 315.5

Oltll T(It _qowM[ 12g.4 160.0

CIt[Wf_l_[mT 20.8 2t.ll

SSN[ 15.0 )8.0

C_TJt_ V ADMIX. 11.0 13.3

gT____.9_-._UI"I'L[OPS 1422.11 1641.0

II(11101_5UPt_tT '6.6 14.0

Iti,m z,5..__!_ z_5.__._o

TOTALCOSTPIERFtT 1675.1 itlO.O

COST DATA IASIK

;vss F___n rr._.__wiv 9__!

t +'_.

4_.z. 639.7 651.] 65i.z 409.1 673.6 _.3

415.8 463.5 482.2. 532..4 549.8 586.8 6OZ.7

347.S 369.7 388.7 394.5 411.5 431.1 450.S

,10.3 32.3 40.0 3).5 33.6 35.1 x.7

:,4.1 z_.7 16.8 ze.o 29.5 3o.8 3z.z

345.3 405.3 *OS.4 419.7 434.5 456.1 476.9

1_.6 2.07.s 205.6 z3o.o z3z.4 z4z.t z63.6

36.3 47.5 63.8 59.5 40.5 63.z _.i

51.| 15.9 76.6 65.6 60.Z 73.9 73.6

17.1 20.8 2.1.6 21.7 22.7 23.7 2.4.8

1094.8 2188.3 2353.0 2444.1 2524.8 ,"617.4 2681.6

_o.4 _0.8 41.6 46.6 51.7 ss.s 67.8

1185.4 zso4._' _.3 zeoo.z ze_.3 _ooe.z 3om.I

..., ._,,4 ,_.o --._ 2,,,.o--.* _0,,.s1916.9

681.5 661.5 475.4

m.s 494.1 2.73.6

.o.7 4_1._ 514.0

38.3 40.1 41.9

3.1.6 " 35.1 36.7

499.5 522.8 547.2

2.65.Z 277.1 269.6

68.0 7Z.1 75.4

28.8 10.0 6.1

25.9 Z7.1 28.3

2704.4 2.631.8 22M.i

60.4 6Z.0 65.8

31.10.9 307F._ ,_S.11.'7

3t*5.l 3t75.1 3000.6
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

This is a comparison between the 160 Hr Turnaround and the actual

processing schedule for the 51-L Mission. This includes both the

tlmellnes and functon for the processing of the Orbiter from
Roll-ln in the OPF to launch.

Level I directed that the Shuttle be designed so that it could be
launched with 160 working hours after the landing mission. This

would be on a two shift workday, five days a week. Level II then
divided this time into time to be spent in the OPF, VAB and at

the pad. All designs were to support these requirements but due
to both money and weight constraints, design compromises were

made that lengthened the operational timelines considerable.
Attached is the original Level II schedule with the time allotted
to perform each task.

The following sheets give each task with the actual operations
required; by the ORMSD and equipment failure, repair and retest;

to process 51-L. The hours are the schedule hours required to
perform each of the operations. Where possible the tasks were
accomplished in parallel so that the total time does not

correlate direcdtly with the original timelines. Also the tasks
have been divided and intermixed during the processing.

TIME (_)

50 _o 80 90 ,_ no _2o no _4o ,s0 ;600 10 20 30 4D
i i g !

A I I.A/,d OW_i AFIEA/TOW TO OPF (1) II I
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I
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U •
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I I I J I
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I I I I ! I [
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(PAYLOAD INSTALLATION AT PAD)

Figure 2

I I I
I PAYLOADRISMOV_; L,NiO.EPA_OkO_ATION- i

L e°'_'-i_; "'9/_"°_ T'°N_ E
i i i i i I _ Q"

mr,_eSC_DULE u,_rr_E _), I
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6 •5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

SUMMARY

The following summarized the results of this timeline analysis.

They are:

• A comparison of the allocated 160-hour timelines (in 24
categories) of the actual time required to complete all the

tasks included under each of these categories for the 51-L

flow (preceding llst)•

•

•

A chart showing the time allotted in the 160-hour Turnaround
Ground Operations Plan broken down into serlal and parallel

operations• (Figure 3)

The 51-L As-Run Schedule with tasks included under the

different categories of the 160-hour turnaround b_oken down
into serial and parallel operations. (Figure 4)

• A comparison of the 160-hour timellnes vs. the 51-L

operations, per 160-hour categories, showing both serial and
parallel operations. (Figure 5)

The analyses summarized on Figures 3 through 5 served to
hlghlLght the operations timellne growth by procedural / hardware
areas. This enabled selection of high potentlal savings areas

aby OMI.
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160-HOUR TURNAROUND TINELINE ALLOCATIONS

Figure 3



6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

A. LANDING AREA 1.0 HR.

WAD

V5001

TITLE

SLF OPS/TOW TO OPF*

HRS

10.5
owt--uu

10.5 hours total

Previous mission landed at dfrf and was ferried to KSC on the

SCA.

B. SAFING AND DESERVICING 8.0 HRS.

WAD TITLE HRS

V5001 TOW ORB INTO OPF/JACK & LEVEL/POWER UP PREPS 17.5

VI184 SAFING PATCHES/LOAD MMU 3.0

V1091 PRSD CRYO VENT 40.0

VI158 OMS TRICKLE PURGE & OMS/RCS DESERVICING 96.0

V5012 NOSE LANDING GEAR THRUSTER REMOVAL 8.0

V5012 PYRO WIRE HARNESS R&R RESISTANCE CHECK 48.0

VI078 APU LUBE OIL DESERVICING 24.0

N/A MPS/SSME PROCESSING (ENGINE DRYING) 71.0
VI018 WATER SPRAY BOILER DESERVICING 24.0

VII96 APU POST FLIGHT FUEL SYSTEM OPS 85.0

TOTAL 416.5

Co PAYLOAD REMOVAL PREPS. 5.0 HRS.

WAD TITLE HRS

7

V3512 INSTALL PAYLOAD ACCESS 8.0

V5006 PAYLOAD STRONGBACK INST/OPEN PAYLOAD BAY DOORS 17.0

TOTAL 25.0

D. MISSION UNIQUE PAYLOAD ACCOMMODATION EQUIPMENT

REMOVAL/INST. 27.0 HRS.

WAD TITLE HRS

N/A AFT FLIGHT DECK/PAYLOAD BAY DECONFIG/RECONFIG. 240.0
Vl175 RMS TURNAROUND VERIF. 16.0

V5R03 PRSD H2/O2 TANK SET 4 REMOVAL 120.0

N/A PCP/CIU INSTALLATION 48.0

N0533 PCP/CIU CHECKOUT 5.5

TOTAL 429.5



6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

E. ORBITER SCHEDULED MAINTENANCE 24.0 HRS.

WAD TITLE

V6002

V1026
V5017

V1084
V5056

V1134

V1007
V1076
V1062

V1008
V1200

V6005
V6018

V6012
V1217

V1178
V1184

V1005
V1086
V5069
V1016
V1097

V5069
V1026
V1153

V1099
V1042

v5010
V1003

Vl180
V1080
V1098

V6034
v1005

Vl183
V1078

v1041
v9023
V1180

V1037
V1055

V1017
v9002
V1048

V1065

V1060
v6034

V5050
TPS
V9001

V1131
V1161

ORBITER POST FLIGHT INSPECTION
REMOVE WASH & WASTE FUNCTIONAL

DESTOW FCE
CAUTION & WARNING SYS VERIFICATION
REMOVE GAS SAMPLE BOTTLES

WATER DRAIN (HORIZONTAL POSITION)

PV&D VENT FILTER/INSTL.
WCCS FUNCTIONAL CHECKS

AIR DATA SYSTEM
MSBLS TESTING
RECORDER DUMP

STARTRACKER CLEAN/INSPECT

CABIN AIR/RECIRCULATE MAINTENANCE
HYD INSPECTION
ECLSS ARPCS FUNCTIONAL TEST

KU BAND TURNAROUND C/O
LOAD MMU

VTR C/O
MEC PIC TEST

TRANSFER TO AFT 999 JACKS
VENT DOOR FUNCTIONAL

ET DOOR FUNCTIONAL/LATCH FOR FLIGHT
TRANSFER TO AFT 570 JACKS
REMOVE WASTE COLLECTION SYSTEM & WASTE FLUSH

APU WATER SERVICING
STARTRACKER DOOR FUNCTIONAL

SMOKE DETECTION & FIRE SUPPERSSION FUNCTIONAL

INSTALL B/C/ELBOW CCTV
POWER SYSTEM VALIDATION

FRCS FUNCTIONAL C/O (LPS)

MULT CRT DISP SYS C/O (LPS)
LANDING GEAR FUNCTIONAL
CREW MODULE SEAT FUNCTIONAL
CCTV SYSTEM TEST

ORBITER ELECTRICAL SYSTEM VALIDATION (LPS)
APU LUBE OIL SERVICING

N2 SERVICING

CLOSE/OPEN PAYLOAD BAY DOORS
AFT OMS/RCS FUNCTIONAL
NH3 SYSTEM SERVICING

POTABLE WATER SERVICING
WATER SPRAY BOILER SYSTEM LEAK & FUNCTIONAL
BRAKE FILL & BLEED

NOSE WHEEL STEERING

BRAKE/ANTI-SKID CONTROL SYSTEM TEST (LPS)
AEROSURFACE CHECKOUT
GALLEY FUNCTIONAL

FLIGHT CREW EQUIPMENT STOWAGE/CEIT/DESTOWAGE
FLIGHT CREW EQUIPMENT INFLIGHT MAINT. WALKDOWN
STOW KU BAND ANTENNA
HYDRAULIC ACCUMULATOR CHECKS

ORBITER BUSS REDUNDANCY

TOTAL

HRS

24.0

16.0
16.0

8.0
8.0

8.0
104.5

176.0
8.0

8.0
8.0

8.0
120.0

16.0
12.0

8.0
12.0
4.0

44.0
3.0

11.0
8.0
3.0

24.0
48.0

5.0
4.0
8.0

23.0
14.0

4.0
4.0
8.0
3.0

12.0
66.0

8.0
11.0
96.0
24.0
24.5
25.0
4.0
5.0

8.0
5.5

8.0
19.0

3.0
8.0

8.0
19.0

1132.5



6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

F. PROPULSION SYSTEM SCHEDULED MAINTENANCE 24.0 HRS.

WAD TITLE

V9002

V5043
V1009

VI011
V5058

TPS
V5E06
V5E06

V5E29
V5057

V5005
V1063

V1011
V1001

V9019
V5057

V5043

HRS

HYDRAULIC POWER UP PREPS & POSITION SSME'S 49.0

REMOVE HEAT SHIELDS 20.0
MPS LEAK & FUNCTIONAL 176.0

SSME LEAK & FUNCTIONAL 176.0
REMOVE SSME #2 5.5

NOZZLE WELD INSPECTION (VAB) * 240.0
SSME #1 HIGH PRESSURE FUEL TURBOPUMP R&R 37.0

SSME #2 HIGH PRESSURE FUEL TURBOPUMP R&R (VAB) * 40.0
SSME #2 GIMBAL BOLT R&R * 32.0

DISCONNECT SSME TVC'S/INSTALL STIFF ARMS 4.0
INSTALL SSME #2 20.0
SSME TVC FLIGHT CONTROLS 3.0

SSME FLIGHT READINESS TEST 13.0

SSME ELECTRICAL INTERFACE VERIFICATION 8.0
MPS VJ LINES CHECK 4.0

REMOVE STIFF ARMS/CONNECT SSME TVC'S 8.0
HEAT SHIELD INSTALLATION 57.5

TOTAL 893.0

* These operations were accomplished in the engine shop in the VAB.

G. UNSCHEDULED MAINTENANCE & SYSTEM REVERIFICATION 50.0 HRS.

WAD TITLE HRS

N5230 ORBITER POST FLIGHT TROUBLESHOOTING 64.0
V1053 REMOVE CABIN SENSOR 8.0

V7253 WINDOW POLISHING 112.0

N/A ORBITER POST FLIGHT TROUBLESHOOTING 32.0
IPR TANK #1 H2 CRYO CONTROL HEATER TROUBLESHOOTING 48.0

V5R01 FUEL CELL #1 REMOVAL 64.0
IPR MSBLS TROUBLESHOOTING 3.0
PR REMOVE MSBLS 1.0

V1165 LANDING/BRAKE INSTALLATION 24.0
PR R&R LAUNCH CONTROL AMPLIFIER 3.0
V5U01 REMOVE APU #3 31.0

V5011 R&R RH OMS POD 29.0
V5079 OMS ENGINE HEAT SHIELD REMOVAL 16.0

Vl164 ELEVON LOWER COVE SEAL PRESS LEAK RATE 24.0
V5U01 REINSTALL APU #3 16.0
V5016 TRANSFER RIGHTHAND OMS POD TO HMF 2.0

PR R&R HEADS UP DISPLAY UNIT 8.0
TPS AMMONIA TANK PURGE 16.0
Vi165 LANDING GEAR BRAKE INSPECTION & BRAKE R&R 23.0

TPS NH3 LEAK & FUNCTIONAL 16.0
V1225 RIGHT OMS INTERFACE TEST 32.0

V5R01 INSTALL FUEL CELL #1 11.5
Vi165 INSTALL NOSE LANDING GEAR TIRES 8.0

V1177 HEADS UP DISPLAY CHECKOUT 3.0
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G. UNSCHEDULED MAINTENANCE & SYSTEM REVERIFICATION (Continued)

TPS
IPR
V5079

V1180

PR
V1226
V1053

IPR

PR
V5011
V1224

V1226
V1161

MATE APU FUEL LINES 13.0
LEAK IN APU FUEL LINE "B"NUT 16.0

LEFTHAND OMS ENGINE HEAT SHIELD INST'L R/T & LK CK 16.0

AFT OMS/RCS FUNCTIONAL 4.0
INSTALL THRUSTER & RETEST 8.5

OMS POD HATING 16.0
CABIN SENSOR INSTALLATION & RETEST 8.0

REMOVE BREAK OUT BOXES 2.0
LEFT OMS CROSSFEED LINE PROBLEM 22.5
R&R LEFTHAND OMS POD 26.5

OMS POD ELECTRICAL CONNECT & RETEST 12.5

LEFTHAND OMS CROSSFEED CONNECT 5.0
BUSS REDUNDANCY LEFTHAND OMS POD 9.0

TOTAL 753.5

H. TPS REFURBISHMENT

WAD

V6028
V9024

N/A
V9022

V6035

40.0 HRS.

TITLE HRS

ORBITER POST FLIGHT TPS INSPECTION N/A

ORBITER TPS MAINTENANCE/OPERATION N/A
ORBITER TPS WATERPROOFING N/A
ET DOOR CYCLES/TPS OPERATIONS 120.0
RSI PRE ROLLOUT INSP & UPPER SURFACE WATERPROOFING 71.0

TOTAL 191.0+

NOTE: The 51-L as-run schedule shows the first three above

operations starting as soon as the orbiter is rolled into
the OPF but does not identify how long they continue. The
STS-XX schedule allows 60 hrs. for both the inspection and

the maintenance operation and the 168 hrs. for

waterproofing.

I. ORBITER INTEGRATED TEST 10.0 HRS.

NOTE: The requirement
OMRSD.

for this test has been deleted from the

J. PREPS FOR MATING 12.0 HRS.

WAD TITLE HRS

V5012 AFT SEP HARNESS/ET UMB GSE & PLUG INSTALLATION 8.0

V5012 FWD ET BEARING & YOKE INSTALLATION 32.0

V5012 PRE-OPS SET UP 16.0
V5012 POWER DOWN ORDNANCE INSTALLATION 8.0
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J. PREPS FOR MATING (Continued)

V5012

V6034
V1032

V1032
V6003

V9021
Vl176

V5018
V9002
V3555
V3515
V5101

POWER ON PIC TEST
PAYLOAD BAY SHARP EDGE INSPECTION

ORBITER CLOSEOUT
ORBITER AFT CLOSEOUT

PAYLOAD BAY CLOSEOUT/INSPECTION
DEACTIVATE TRICKLE PURGE
PAYLOAD BAY CLEANING

CLOSE PAYLOAD BAY DOORS & REMOVE STRONGBACKS

HYD OPS/POSITION AEROSURFACES FOR ROLLOUT
DISCONNECT ORBITER PURGE AIR

RS.0 EMOVE LH2/L02 CARRIER PLATES

J5.0 ACKDOWN WEIGH & CG/PREP TO TOW

K. TOW ORBITER TO VAB NO TIME ALLOTTED

WAD TITLE

S0004 ORBITER TOW & MATE

TOTAL

TOTAL

8.0

4.0
104.0

85.5

20.0
8.0

27.5
16.0

4.5
5.0
5.0

8.0

359.5

HRS

.5

.5

L. TRANSFER AISLE ORBITER PREMATE OPS 5.0 HRS.

WAD

S0004

TITLE

ORBITER TOW & MATE

TOTAL

HRS

18.5

18.5

M. ORBITER MATE AND INTERFACE VERIFICATION 15.0 HRS.

WAD TITLE

S0004
SOOO8
S0020

ORBITER TOW & MATE
SHUTTLE INTERFACE VERIFICATION
SRB TESTING

N. SHUTTLE INTERFACE TEST 19.0 HRS.

NOTE:

TOTAL

HRS

103.0
36.5
5.5

144.0

The requirements for this tet have been removed from the

OMR and is no longer being accomplished.

O. MOVE TO PAD 7.0 HRS.

WAD

A5214

TITLE

TRANSFER & MATE TO PAD B

HRS

13.5

TOTAL 13.5
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P. MLP MATE TO PAD & LAUNCH PAD VALIDATION 3.0 HRS.

WAD TITLE

S0009 LAUNCH PAD VALIDATION

N/A POWER UP PREPS

HRS

9.5
30.0

TOTAL 39.5

Q. PAYLOAD INSTALLATION IN PCR 13.0 HRS.

WAD TITLE HRS

NO133 CARGO INSTALLATION IN PCR PAD B 35.5

N/A WIND DELAY IN INSTALLING CARGO IN PCR 33.0

N/A IUS SCU PROBLEM 32.5
N1533 TDRS PROPELLANT LOAD 33.5

N/A IUS POWER UP/DOWN TEST 21.5
N/A IUS STANDALONE TEST 18.0

TOTAL 174.0

R. FUEL CELL DEWAR LOADING I0.0 HRS.

WAD TITLE HRS

V2303 DEWAR LOAD 6.5

TOTAL 6.5

NOTE: The 160 hr. Turnaround Schedule has this activity to

occur prior to the arrive of the vehicle at the pad.

During the 51-L flow, it was accomplished just prior to
hyper load which caused another pad clear operation in the

pad operation.

S. SHUTTLE LAUNCH READINESS VERIFICATION 6.5 HRS.

WAD

S0009
V1202

TITLE

LAUNCH PAD VALIDATION WITH APU HOT FIRE *
HE SIGNATURE TEST

HRS

40.0
17.5

TOTAL 57.5

This time includes 4.5 hrs for emergency power down if the

orbiter cooling was lost to the vehicle.
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T. PAYLOAD INSTALLATION & LAUNCH READINESS VERIFICATION

90 HRS

WAD TITLE HRS

N0133 CARGO PAYLOAD BAY OPERATIONS 80.0

S0017 TERMINAL COUNT DEMONSTRATION TEST 55.5

V9023 OPEN PAYLOAD BAY DOORS 1.5

S0009 1ST MOTION CHECKS & SRSS HOLDFIRE CHECKS 6.0

N/A HOT GAS SYSTEM TROUBLESHOOTING 15.0

V1202 HOT GAS POI'S 7.5

Vl149 AFT CAVITY PURGE 9.5

PR PDI R&R AND RETEST 5.0

B1500 R&R SRB AFT IEA 8.5

N0433 IUS TDRS IVT/ETE 25.0
IPR R&R HIM 6893 2.5

PR IEA ELECTRICAL CONNECT & RETEST 12.5

N/A POD TOTALIZER CONNECT & RETEST 13.0

PR UPS 40 TROUBLESHOOTING/CARD CHANGE/RETEST 8.5

N/A CHARGE CARGO BATTERIES 15.5
V1077 FUEL CELL #1 SERVICING 8.0

TOTAL 273.5

U. CABIN CLOSEOUT 1.0 HR.

NOTE: NO serial time was allotted during the pad operations to

closeout the crew cabin prior to the propellant loading.

V. HAZARDOUS SERVICING/SERVICE DISCONNECTS 8.5 HRS;

WAD TITLE HRS

S0024

T1401

N/A
PR

PR

S0009

N/A
S5009

SI005

PRE LAUNCH PROPELLANT LOAD 202.5

ET BLANKING PLATE REMOVAL 5.5

PAYLOAD DISCONNECT/ PLB CLOSEOUT/PLB DOORS CLOSE 7.0

R&R RJDA #2 & RETEST 9.5

R&R QD & RETEST OMS REG. LOCK UP TEST 8.0
ORDNANCE INSTALLATION 37.0

CARRIER PANEL INSTALLATION 37.0

ORBITER AFT CLOSEOUT 75.0

ET PURGES 12.0

The followlng operations were preformed during this block of time

but were part of the original timelines.

N/A CARGO STANDALONE OPS 88.0
V1103 EMU INSTALLATION & TEST 16.0

V9002 SSME VALVE CYCLES/FRT'S 32.0

V1184 MMU FLIGHT LOAD 14.0

W. LAUNCH FROM STANDBY 2.0 HRS.

TOTAL 543.5

WAD TITLE HRS

S0007 LAUNCH COUNTDOWN 121.5

TOTAL 121.5
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

NOTE: The length of the countdown for the 51-1 mission was much
longer due to several delays caused mainly by weather. The
first one was bad visibility at the transatlantic landing

site (dust storm in North Africa). Possible adverse weather
at the launch site then caused a 24 hour delay, and on the

third attempt, high cross winds caused a scrub at T-9
minutes. A normal countdown is now scheduled for 56 hours.
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

..o....... ...........

160-HOUR TURNAROUND vs. 51-L AS-RUN SCHEDULE

MAJOR OPERATIONS ACTIVITY

Figure 4
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6.5.4 STS I60-BR. TURNAROUND VS. 51-L ACTUAL8

SHUTTLE

PROCESSING TIME

COMPARISONS

m

1

"--" ImDIClTIO I't_W

m IkOURllt.--

Irll

BNT VI[AIII

I1_1 IreS.

PIIO
III

(]'UmTIOI4L M m

t,'P¢ I I, _ []A.'rSISlI_ I

,]IF _ _III In I11tl

05 _ll I19 lllfll'll |lll'

m IUO B (I'mVG'II3_L W _

F'[ II. IIII ll_lr" Ill [,rll

I,_IYl

cl_" $1 _'11 1#1 I_1¢

$ l_el In 120

r_ IS IIIIS I/'Jl

ii111,i_i, 11 |111l Ill 1117"11 11oi

h

160-HR TIMELINES VS. 51-L

Figure 5

88

OPERATIONS



OPF SSME PROCESSING TIME
Ref: Rocketdyne Division Pocket Data

FLIGHT

1. STS-1

2. STS-2

3. STS-3

4. STS-4

5. STS-5

6. STS-6

7. STS-7

8. STS-8

9. STS-9

10. STS-11

11. STS-13

12. STS-14

13. STS-17

14. STS-19

15. STS-20

16, STS-23

17. STS-24

18. STS-25

19. STS-26

20. STS-27

21. STS,28

22. STS-30

23. STS-31

24. STS-32

25, STS-33

RI/RD87-142, May 1987

DATE _ OPF PROCESSING TIME. SHIFTS

4/1 2/81 102 N/A (COLUMBIA)

1 1/12/81 102 144

3/22/82 102 57

6/27/82 1 02 66

11/11/82 102 63

4/4/83 99 N/A (CHALLENGER)
6/1 8/83 99 52

8/30/83 99 24

1 1/28/83 102 N/A

2/3/84 99 43.5

4/6/84 99 30.5

8/30/84 1 03 N/A (DISCOVERY)

1 0/5/84 99 N/A

1 1/8/84 103 38

1/24/85 103 51

4/1 2/85 103 97

4/29/85 99 60

6/1 7/85 103 64

7/29/85 99 92

8/27/85 103 70

10/3/85 104 N/A (ATLANTIS)
10/30/85 99 102

1 1/26/85 1 04 58

1/1 2/86 1 02 65

1/28/86 99 71

TOTAL: 1 248

SUMMARY N/A - 8 flights data not available

19 Flights average SSME process time - 65.7 shifts
maximum SSME process time - 144 shifts

minimum SSME process time - 24 shifts

4 flights required more than 71 shifts - (21%)

11 flights required from 50 to 71 shifts - (58%)
4 flights required less than 50 shifts - (21%)

The 11 "median" flights required an average of 61.5 shifts
which is equivalent to 20.5 3-shift days

Normal STS SSME OPF processing requires 3 weeks per launch
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6.5.5 SHUTTLE CONFIGURATION & FACILITIES DATA
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6.5.5 SHUTTLE CONFIGURATION & FACILITIES DATA

14

FRONT VIEW

TOP VIEW REAR VIEW BOTTOM VIEW

PAYLOAD

BAY DOORS

FFORWARD REACTION

CONTROL SYSTEM

NOSE LANDING GEAR

ORBITAL MANEUVERING SYSTEM/

REACTION CONTROL

SYSTEM

SIDE HATCH

RUDDER/

SPEED BRAKE

AFT REACTION

CONTROL

SYSTEM

MAIN ENGINES

BODY FLAP

_ ELEVONS

MAIN LANDING GEAR

DIMENSIONS AND WEIGHT

WING SPAN .................. 23.79 m

LENGTH ..................... - 37.24 m

HEIGHT ..................... 17.26 m

TREAD WIDTH ................ 6.91 m

GROSS TAKEOFF WEIGHT .......

GROSS LANDING WEIGHT ........

INERT WEIGHT (APPROX) ........

MINIMUM GROUND CLEARANCES

BODY FLAP (AFT END) .......... 3.68 rn

MAIN GEAR (DOOR) ............ 0.87 m

NOSE GEAR (DOOR) ............ 0.90 rn

WINGTIP .................... 3.63 m

Figure 1-3._ The SDBce Shuttle Orbiter,

74 844 kg

FT)
(122.17 FT)

(56.68 I=T)

(22.67 FT)

VARIABLE

VARIABLE

(165 000 LB)

(12.07 FT)

(2.85 FT)

(2.95 FT)

(11.92 FT)
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Briefly...

The three main engines of the Space Shuttle, In conjunction with the Solid Rocket Boosters,
provide the thrust to lift the Orbiter off the ground for the initial ascent. The main engines
operate for approximately the first 8.5 minutes of flight.

II IIII I I

THRUST

Sea level: 1670 kilonewtons (375 000 pounds)

Vacuum: 2100 kilonewtons (470 000 pounds)

(Note: Thrustgiven at rated or 100-percent power
level.)

THROTTLING ABILITY

65 to 109 percent of rated power level

SPECIFIC IMPULSE

Sea level: 356.2 N/._.JSkg/ 363"2 I-_/Ibf/s'_

Vacuum: 4464N/....ss(455.21bf/s'_
kg \ Ibm/

(Given in newtons per second to kilogramsof
propellant and I:_Jnds-force per second to pounds-
mass of propellant)

CHAMBER PRESSURE

20 480 kN/m 2 (2970 psia)

MIXTURE RATIO
6 parts liquidoxygen to 1 part liquid hydrogen(by
weight)

AREA RATIO
Nozzle exit to throat area 77.5 to 1

WEIGHT

Approximately 3000 kilograms (6700 pounds)

LIFE
7.5 hours, 55 starts t

4.3 METERS
(14 FEET)

2.3 METERS
(?.S FEET)

I

2-4
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III

Briefly...

The Solid Rocket Boosters operate in parallel with the main engines for the first 2 minutes of
flight to provide the additional thrust needed for the Orbiter to escape the gravitational pull of
the Earth. At an altitude of approximately 45 kilometers (24 nautical miles), the SRB's separate
from the Orbiter/External Tank, descend on parachutes, and land in the Atlantic Ocean. They
are recovered by ships, returned to land, and refurbished for reuse.

J

STATISTICS FOR EACH BOOSTER

THRUST AT LIFT-OFF
11 790 kilonewtons (2 650 000 pounds)

PROPELLANT
Atomized aluminum powder
(fuel), 16 percent

Ammonium perchlorate
(oxidizer), 69.83 percent

Ironoxide powder
(catalyst), 0.17 percent (varies)

Polybutadiene acrylic acid
acrylonitrile (binder), 12 percent
Epoxycuring agent, 2 percent

WEIGHT
Empty:

Pi'opellant:

Gross:

87 550 kilograms
(193 0(30pounds)
502 125 kilograms
(1 107 000 pounds)
589 670 kilograms
(1 300 000 pounds)

THRUST OF BOTH BOOSTERS
AT LIFT- OFF
23 575 kilonewtons (5 300 000 pounds)

GROSS WEIGHT OF BOTH BOOSTERS
AT LIFT-OFF
1 179 340 kilograms (2 600 000 pounds)

NOSE CAP

FRUSTUM

FORWARD SKIRT

FORWARD

SEGMENT

FORWARD

CENTER

SEGMENT

AFT

CENTER
SEGMENT

/

AFTATTACH j
RING ._r

AFT SEGMENT

WITH NOZZLE

AFT SKIRT "--'_

\

/
j' q.

,dr, '_

I-
ram

n

m

ORDNANCE RING

pRWARD

ATTACH POINT l
45.46 METERS

(149.16 FEET)

!11'

o_

.,,._ 3.8 METERS
(12.38 FEET|

2-18
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Briefly...

The External Tank Is the "gas tank" for the Orbiter; It contains the propellants used bythe main
engines. Approximately 8.5 minutes into the flight with most of its propellant used, the ET is
Jettisoned and splashes down in the Indian Ocean. It is the only major part of the Space Shuttle
system that is not reused.

TOTAL WEIGHT"

Empty:

Gross:

35 425 kilograms
(78 100 pounds)
756 441 kilograms
(1 667 677 pounds)

Liquid hydrogen:

T6tal:

PROPELLANT WEIGHT

Liquid oxygen: 616 493 kilograms
(1 359 142 pounds)
102 618 kilograms
(226 237 pounds)
719 112 kilograms
(1 585 379 pounds)

PROPELLANT VOLUME
Liquid oxygen tank: 541 482 liters

(143 060 gallons)
Liquid hydrogen
tank:

Total:

NOSE CAP

LIQUID

OXYGEN

TANK

INTERTANK

1 449 905 liters
(383 066 gallons) _--_.__.._ .
1 991 387 liters 3_,_, "

(526 126 gallons)

(Propellant densities of 1138 and 70.6 kg/m_
(71.07 and 4.42 Iblft 3) used for liquid oxygen
and liquid hydrogen, respectively)

DIMENSIONS
Liquid oxygen tank: 16.3 meters (53.5 feet)
Liquid hydrogen
tank: 29.6 meters (97 feet)
Intertank: 6.9 meters (22.5 feet)

LIGUIO

HYDROGEN

TANK

47.0 METERS

(lS4.2 FEET)

2-34
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III

Briefly..,

The cockpit, living quarters, and experiment operator's station are located in the forward
fuselage of the Orbiter vehicle. Payloads are carried in the mid-fuselage payload bay, and the
Orbiter's main engines and maneuvering thrusters are located In the aft fuselage.

TOTAL LENGTH
37.24 meters (122.t 7 feet)

HEIGHT
17.25 meters (56.58 feet)

VERTICAL STABILIZER
8.01 meters (26.31 feet)

WINGSPAN
23.79 meters (78.06 feet)

BODY FLAP
12.6 square meter (135.8 square foot) area
6.1 meters (20 feet) wide

AFT FUSELAGE
5.5 meters (18 feet) long
6.7 meters (22 feet) wide
6.1 meters (20 feet) high

MID FUSELAGE
18.3 meters (60 feet) long
5.2 meters (17 feet) wide
4.0 meters (13 feet) high

.._

FORWARD FUSELAGE
CREW CABIN
71.5 cubic meters (2525 cubic foot) volume

PAYLOAD BAY DOORS
18.3 meters (60 feet) long
4.6 meters (15 feet) in diameter
148,6 square meters (1600 square feet) surface area

WING
18.3 meters (60 feei) long
1.5 meter (5 foot) maximum thickness

ELEVONS
4,2 meters (I 3,8 feet)
3.8 meters (12.4 feet)

VERTICAL

STABILIZER

CREW

CABIN

PAYLOAD

BAY

I FORWARDFUSELAGE

3-4

MID

FUSELAGE
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Briefly...

The propulsion systems of the Space Shuttle consist of the three main engines, the Solid
Rocket Boosters, and the External Tank (see section 2) and the orbital maneuvering and
reaction control systems. The main engines and the boosters provide the thrust for the launch
phase of the mission. The orbital maneuvering system thrusts the Orbiter into orbit and
provides the thrust to transfer from one orbit to another, to rendezvous with another
spacecraft, and to deorbit. The reaction control system provides the power needed to change
speed in orbit and to change the attitude (pitch, roll, or yaw) of the Orbiter when the vehicle is
above 21 000 meters (70 CO0 feet).

ORBITAL MANEUVERING SYSTEM Q

Two engines
Thrust level -- 26 688 newtons (6000 pounds)

vacuum each

Propellants
Monomethyl hydrazine (fuel) and
nitrogen tetroxide (oxidizer)

REACTION CONTROL SYSTEM (_

One forward module, two aft pods

38 primary thrusters (1-4forward, 12 per aft pod)
Thrust level '- 3870 newtons (870 pounds)

Six vernier thrusters(two forward, four aft)
Thrust level "= 111,2 newtons (25 pounds)

Propellants - -

Monomethyl hydrazine (fuel) and
nitrogen tetroxide (oxidizer)

MAIN PROPULSION (See section 2)

Three engines
Thrust level - 2 1O0 000 newtons (470 0(30pounds)

vacuum each

Propellants

Liquid hydrogen (fuel) and
liquid oxygen (oxidizer)

4-4
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Briefly...

The Orbi_r's environmental control end llfe-suppor_ system scrubs the cabin sir, adds fresh

oxygen, keeps the pressure at sea level, heats and cools the sir, and Drovldes drinking end wash
wster end J toilet not too unlike the one st home.

I I

1 WATER LOOP

2 INTERCHANGER HEAT EXCHANGER

3 PAYLOAD HEAT EXCHANGER

4 FREON LOOP

S FUEL CELLS

6 AFT COLDPLATES

7 GROUND SUPPORT EOUIIIq_IENT

HEAT EXCHANGER

E AMMONIA EVAPORATOR

9 HYDRAULIC HEAT EXCHANGER

10 MID COLDPLATES

11 FUEL CELL HEAT EXCHANGER

12 AVIONICS HEAT EXCHANGERS ANO FANS

13 INERTIAL MEASUREMENT UNIT

HEAT EXCHANGER AND FANS

14 WATER PUMPS

15 CONDENSER

16 WATER SEPARATORS

17 CABIN FANS LITHIUM HYDROXIDE

18 WATER CHILLER

19 LIQUID COOLING GARMENT HEAT EXCHANGER

20 FREON PUMPS

PAYLOAD BAY DOOR

RADIATORS

ATMOSPHERE
REVITALIZATION
SUBSYSTEM

,WATER-BOI LER
THERMAL
CONTROL UNITS

RADIATORS

\

FLASH
EVAPORATOR
SUBSYSTEM

FLASH EVAPORATOR
SUBSYSTEM

4-18
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Briefly...

Silica glass tiles bonded to the Orbiter's skin have prompted some to call the spacecraft the
"flying brickyard." The tiles on the outside and several types of insulation materials on the
inside protect the Orbiter from temperature extremes while in orbit and from the searing heat of
entering the atmosphere on the return trip. The lightweight glass tiles require only minor
refurbishing between flights.

Insulation Temperature limits Area, Weight,
m _ (ft2) kg (Ib)

Flexible reusable
surface insulation

Low-temperature reusable
surface insulation

High-temperature reusable
surface insulation

Reinforced carbon-carbon

Below 644 K 319_(3 436) 499 (1 099)
(371 ° C or 700" F)

644 to 922 K 268 (2 881 ) 917 (2 022)
(371* to 649" C or
700" to 1200" F)

922 to 978 K 477 (5 134) 3826 (8 434)
(649" to 704 ° C or
1200" to 1300" F)

Above 1533 K 38 (409) 1371 (3 023)
(1260" C or 2300° F)

Miscellaneous 632 (1 394)

Total 1102 (11 860) 7245 (15 972)

4-26
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Briefly...

The purge, vent, and drain system on the Orbiter removes gates and fluids that accumulate in
the unpressurlzed spaces of the vehicle.

I I

PURGE SUBSYSTEM (PREFLIGHT AND
POSTFLIGHT)

Circulates conditioned gas during launch preparations to
.remove contaminants and toxic gases and maintain
specified temperature and humidity

VENT SUBSYSTEM (ALL PHASES)

Allows unpressurized areas to depressurize during ascent
and repressurize duringdescent and landing

DRAIN SUBSYSTEM (PREFLIGHT AND
POSTFLIGHT)

Removes accumulated water and other fluids

RIGHT-HAND T - 0 A

FOR PAYLOAD (3)

ii

4-34
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Briefly...

The Orbiter's crew quarters are outfitted with everything from a galley for preparing balanced
meals and bunks for sleeping to all the equipment needed for keeping house in space. The only
time space suits will be worn is during space walks. The Orbiter has a medicine chest and
equipment for emergency rescue or survival.

ORBITER ACCOMMODATIONS

Seats. restraints, and mobility aids
Egresssystems
Flight data file
Sighting aids

• Photographicequipment
Window shades and filters
Stowage areas
Food systems and equipment
Sleeping accommodations
Crew hygiene systemsand accommodations
Housekeeping equipment
Aidock

CREW EQUIPMENT
Survivalequipment
Medical kits
Radiationinstrumentation
Operationalbioinstrumentation
Crew clothing
Space suitassembly

@-4
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Briefly.,.

The Space Shuttle Orbiter will be launched from and landed at either the Kennedy Space
Center on the east coast or the Vandenberg Air Force Base on the west coast. Two Orbiter=

can be processed simultaneou_t ._ new,_ci!ltY at KSC._The fine! cq_untdow_nn___r.aShuttle
launch at KSC will require _I_D_L_._. hou_a_qant drop from the 28 hours required f_

_j_91JO launches.'The Orbiters are guided automatically to-sere lanrdings on a runway that is
roughly twic'e-as long and twice as wide as average commercial landing strips; the speed at
touchdown is about 346 km/hr (21 5 mph).

1 VEHICLE ASSEMBLY BUILDING

3.3-hectare (8-acre) groundarea
160 meters (525 feet) tall
218 meters (716 feet) long
158 meters (518 feet) wide
3 665 000-cubic-meter
(129 428 000-cubic-foot) volume

2 LAUNCH CONTROL CENTER
24 meters (77 feet) tail (4 stories)
115 meters (378 feet) long
55 meters (181 feet) wide

3 ORBITER PROCESSING FACILITY
29 meters (95 feet) tall
121 meters (397 feet) long
71 meters (233 feet) wide

4 SHUTTLE LANDING FACILITY

4572 meters (15 003 feet) longwith
305-meter (100e-foot) safety
overrunsat each end
91 meters (300 feet) wide

MOBILE LAUNCHER PLATFORM
7.6 meters (25 feet) tall
49 meters (160 feet) long
41 meters (135 feet) wide
Weight of platform: 3.733 000 kilograms (8 230 000

pounds)
Weight with Shuttle dry: 4 98g 500 kiiogizu'ns
(11 000 0(30pounds)
Weight with Shuttle wet: 5 761 000 kilograms
(12 700 000 pounds)

6 CRAWLER-TRANSPORTER
6 meters (20 feet) tall
39.9 meters (131 feet) long
34.7 meters (114 feet) wide
2 721 000 kilograms (6 million pounds)
Speed:

Unloaded 3.2 km/hr (2 mph)
Loaded 1.6 km/hr (I mph)

7 LAUNCH PAD AREA
67 hectares (165 acres)

6-4 102



Fixed Service Structure

The fixed service structure, located on the west
side of the pad, is a square cross-section steel
structure that provides access to the Shuttle
Orbiter and to the rotating service structure. The
FSS is essentially an open-framework structure
12.2 meters (40 feet) square and is permanently
fixed to the pad surface. It incorporates several
sections of the Satum V umbilical towers
removed from the Apollo mobile launchers in their
conversion to Mobile Launcher Platforms. The
FSS tower supports the hinge about which the
rotary bridge supporting the RSS pivots as it
moves between the Orbiter checkout position
and the retracted position. A hammerhead crane
situated atop the FSS provides hoisting services

• as required in pad operations. FSS work levels
are at 6.1 -meter (20-foot) intervals beginning at
8.2 meters (27 feet) above the surface of the pad.
The height of the FSS from the pad surface to the
top of the tower is 75.3 meters (247 feet). The
height to the top of the hammerhead crane is 80.8

LIOUID

HYDROGEN

FACILITY ---_

8URN PONI

meters (265 feet), and the top of the lightning
mast is 105.8 meters (347 feet) above the pad
surface.

The FSS has three service arms: an access arm
and two vent arms.

The Orbiter access arm (OAA) swings out to the
Orbiter crew compartment hatch to provide
personnel access to the forward compartments of
the Orbiter. The outer end of the access arm ends
in an environmental chamber that mates with the
Orbiter and will hold six persons. The arm remains
in the extended position until 2 minutes before
launch to provide emergency egress for thecrew.
The Orbiter access arm is extended and retracted
by two rotating actuators that rotate it through an
arc of 70" in approximately 30 seconds. In its
retracted position, the arm is latched to the FSS.
The OAA is located 44.8 meters (147 feet) above
the pad. It is 19.8 meters (65 feet) long, 1.5
meters (5 feet) wide, and 2.4, meters (8 feet) high
and weighs 23 600 kilograms (52 000 pounds).

CAPE ROAD ACCESS

HYPERGOLIC STORAGE

FACILITY ROAD

GASEOUS

HYDROGEN

FACILITY

DRAINAGE

HOLDING

POND

WATER TANK

DRAINAGE

HOLDING

POND

PAD

rlON
ROOM

LIQUID
HYDROGEN
FACILIT_

Figure 6-8.--Launch PRd 39-A surface arrangement.
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The External Tank hydrogen vent line and access
arm consists of a retractable access arm and a
fixed supporting structure. This arm allows
mating of the ET umbilicals and contingency
access to the intertank interior while protecting
sensitive components of the system from the
launch environment.

The vent arm supports small helium and nitrogen
lines and electrical cables, all mounted on a 20.3-
centimeter (8-inch) inside-diameter hydrogen
vent line. At SRB ignition, the umbilical Is
released from the Shuttle vehicle and retracted

84 centimeters (33 inches) into its latched
position by s system of counterweights. The
service lines rise approximately 46 centimeters
(18 inches), pivot, and drop to a vertical position
on the fixed structure where they are protected
from the launch environment. All this activity
occurs in approximately 4 seconds. The vent arm
itself rotates through 21 O* of arc to its stowed
position in about 3 minutes. The fixed structure is
mounted on the northeast comer of the FSS 50.9

meters (167 feet) above the surface of the pad.
The vent arm is 14.6 meters (48 feet) long and
weighs 6800 kilograms (15 000 pounds).

t05.8m (347 FT)--

EL - ELEVATION

ROTATING FIXED SERVICE STRUCTURE

SERVICE EL (SS.2m 1227 FT)

STRUCTURE

EL $3.1 m (207 FT)

"_ !_ _1 EL 44"Sm'1147 FT)

EL 25m 182 FT) _'/ I I EL :LqLSm 187 FT)

EL 22m 172 FT|_ m m EL 20.4m 167 FTI

MLF DECK 0 "-- EL 14.3m 147 FT)

EL IL2m 127 _'

ELO i

4'='------ LIGHTNING

MAST

/'-- HAMMERHEAD

EL 75.3m (247 FT) ," i -
ET GASEOUS OXYGEN VENT ARM

PAD SURFACE

BOTTOM OF FLAME TRENCH

-- EL 69.2m (227 FT)

-- EL 58 5m (192 FT|

Ilx :
EL S2.?m 1173 FTI

, , , lillil---r-,
, l??m -- / I.?m122FT)

'TliiFT,-- * *

Figure S*S.-.Space Shuttle/Dad elevsllons,
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Briefly...

Tracking stations scattered around the world give Orbiter crews contact with Mission Control
for several minutes of most orbits. When the new Tracking and Data Relw Satellites are
parked at 37 000 kilometers (23 000 miles) over the Equator in the mid-1980's, the Mission
Control Center will have almost continuous contact with Orbiter crews.

I

TDRSS OOMSAT
OOMSAT GROUND

TRANSMITTER RECEIVER
STATION

Mbl _ COMMAND AND CONTROL1.5 OF FREE-FLYING SYSTEMS

ORBITER DATA

PAYLOAD COMMAND

AIR-TO-GROUND VOICE
'IV

VOICE COORDINATION

TV

ORBITER DATA
VOICE COORDINATION

AIR-TO-GROUND VOICE

PAYLOAD COMMAND
THROUGH ORBITER

COMMAND
AND CONTROL

OF PLANETARY
PAYLOADS

PAYLOAD COMMAND THROUGH ORBITERIIUS, AIR-TO-GROUND VOICE
ORBITER DATA, VOICE COORDINATION

DOMSAT

DSN

GSFC

IUS

JPL

JSC
MCC

POCC

STDN

TDRS

TDRSS

DOMESTIC SATELLITE

DEEP SPACE NETWORK

GODDARO SPACE PLIGHT CENTER

INERTIAL UPPER J;TAGE

JET PROPULSION LABORATORY

JOHNSON SPACE CENTER

MISSION CONTROL CENTER

PAYLOAD OPERATIONS CONTROL CENTER

SPACE TRACKING AND DATA NETWORK

TRACKING AND DATA RELAY SATELLITE

TRACKING AND DATA RELAY SATELLITE SYSTEM

0-44
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The network communications processing
program monitors circuits; routes and formats
data within the computer complex itself; and
manages and controls the input of the computing
system.

Data processing equipment.---The Shuttle Data
Processing Complex has three IBM 370/168-1
computers. These mainframe computers are
capable of processing 3 million instructions per
second.

Display Control System

The Display Control System provides the link
between the information being processed in the
computer and the presentation of data on strip-
chart recorders, scribing plotboards, event lights
(similar to waming lights on automobiles), and the
digital television system. The digital television
system presents information in tabular form on
television "pages" or channels. The system
allows console operators to request data and,
specify the manner in which it is presented. Most
of the data is available on the digital television
system, which takes up most of the equipment In
the control system.

MISSION CONTROL CENTER FLIGHT
CONTROL FUNCTIONS AND POSITIONS

The Mission Control Center operations for the
Space Shuttle are differeht from those of all
previous programs in that operations planning
and management is the main task and flight
control, with the associated systems monitoring,
is greatly decreased.

The Shuttle vehicle flight control and
coordination with the Payload OPerations Control
Center (at the Goddard Space Flight Center, the
Jet Propulsion Laboratory, and the Johnson
Space Center) are performed from a flight control
room. The flight control team, headed by s flight
director, supports the vehicle and payload
operations from the terminal countdown through
launch, Insertion, orbital operations, reentry,
landing, and rollout.

The support provided by the multipurpose
support teams (MPST's) is divided into two main
categories: preflight planning and real-time

support. The Individual teams are dedicated to a
specific discipline; therefore, their activity is s
combination of planning and real-time support.

The maximum operations support required of the
flight control and multipurpose support teams
consists of up to three simultaneous operations,
which can Include combinations of real-time
operations, a simulation, or pad support but no
more than two actual flights.

Planning and Operations Management Team

The planning and operations management team
(POMT) performs the vital function of managing
the JSC preflight operations planning and is
responsive to the JSC Shuttle Payload
Integration and Development Program Office
(SPIDPO) In performing this function. The
management team is responsible for the detailed
development, planning, scheduling, and statusing
of all STS flights. The main POMT functions are as
follows:

1. Communications and data management
2. Shuttle flight status management
3. Payload integration
4. Headquarters operations office representation
5. Medical management
6. Ground data systems management
7. Crew activities integration
8. Public affairs management
9. Training integration
10. Flight design and scheduling
11. Department of Defense representation
12. SPIDPO representation

Staffing for the POMT includes the following
positions:

1. STS operations director
2. Communications/data manager
3. Shuttle flight status manager
4. Payload integrator
5. Headquarters representative
6. Ground data systems manager
7. Crew activity integrator
8. Public affairs officer

9. Training officer
10. Flight design and scheduling manager
11. Department of Defense representative
12. Medical representative
13. SPIDPO representative
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FlightControlTeam

WithintheMissionControlCenter,all real-time
STS flight control responsibility Is provided by
the flight control team. Teammembers are
assigned to a flight approximately 9 weeks
before launch.

Launch�landing unique support.--The basic
onorbit flight control team support is augmented
with systems and trajectory experts for the
launch, entry, and landing phases. For launch,
entry, and landing phase support, the flight
control team is composed of the following:

1. Flight director
2. Communications systems engineer (INCO)
3. Environmental/consumables mechanical
engineer (EECOM)
4. Flight computer systems engineer
5. Avionics systems engineer
6. Propulsion systems engineer
7. Flight dynamics officer (FOO)
8. Trajectory officer (TRAJ)
9. Flight activities officer (FAO) (will also act as
crew communicator if required)
10. Public affairs officer

Orbitalsupport.--Following orbital stabilization
of STS systems and trajectory conditions, the
launch team support terminates and the orbit team
continues support. The orbit team consists of the
following:

1. Flight director
2. Communications systems engineer
3. Flight activities officer
4. Payload officer

Multipurpose Support Team

The multipurpose support teams support the
planning and operations management team and
the flight control teams concurrently. They are
dedicated to specific functions. The multipurpose
support rooms (MPSR's) contain communications
and computer-driven display equipment that can
be used by specialists In vehicle systems support
(EECOM and guidance and propulsion), payload
support systems, natural environment,
communications and data management, crew
activities, configuration/logistics, trajectory and

flight design, flight scheduling, training support,
ground data Systems, medical support, and
operations integration and requirements.

Staffing for the multipurpose support team
includes the following positions:

1. Guidance and propulsion engineer
2. Avionics systems engineer
3. Main propulsion system engineer
4. Main engine controller engineer
5. Orbital maneuvering system/reaction control
system engineer
6. Controls (flight control system) engineer
7. Sensors engineers
8. Data processing system engineer
9. Environmental, mechanical, and electrical
system englneers

I0, Payload support systems integrator
11. Natural (Earth) environment engineer
12. Crew activities integrator
13. Configuration/Iogistlcs engineer
14. Trajectory and flight design representative
15. Ground data systems manager
16. INCO engineer
17. Flight data manager
18. Assistant for flight data requests

The four EECOM positions (number 9) and their
responsibilities are as follows.

1. EPS: Electrical power system (EPS) fuel cells
and electrical power distribution system
2. APU/HYD: Auxiliary Dower unit/hydraulics
(APU/HYD) systems, structural and mechanical
systems, and landing systems
3. Thermal: Atmosphere revitalization system
water loops, active thermal control subsystem,
and structural temperatures
4. Life sUppOrt: Waste management system:
potable water system: purge, vent, and drain
systems; food management; extravehicular
activity and airlock: power reactant supply and
distribution: atmospheric revitalization pressure
control system; and ventilation systems

External Interfaces

Real-time interfaces for oloerations and planning
are required with various organizations external
to the Johnson Space Center throughout the STS
operations phase.
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RFLY-PPA Configuration
Alternate Architecture

Tnmumwho=rd

ItwlIII_l_tlClu_

-., oc

_/_11 LO2tHC b°ose_line(51.
I=oo_r =rd corn LH2¢oor_

vrvum --.

3-6-2730

• JP'_'_'JAY, Q'

AIdxeat_ e_es

for booster flyback (40)

25 dlimelwr

• t_;_ pc_t_s
• IncrtasedItfl

* Inpm_ rm'rmg_

m,_,.=._ l- _ l=0J _ I

_-J'J ",.I I/

l, ;JI,, I

1S7

Chsracterlsll¢

Gross lift-Offweight

RFLY Ix)osier

2,127,511
80,900

PPACore

Total stwe weight 1,416.203 616,902
Us_e prop_ant 1,197,033 552,g32
Inert weight 219,170 63,g70
kteil vl,loclly delill 11,985 19,042

Total Ideal velocity 31,027

Humberof englrles
Type/_'opellants
Paled thrust
ISP

Cla._prmm
Welghl

5

445.GKISOS.SK
258.6
3.35

4000
4375

2

BlOCkI SSUE-LO_/LH 2
417.5K/51_3K

452.6
6

3000
700O

RFLY-PPA CONFIGURATION - ALTERNATE ARCHITECTURE

The allemale RFLY-PPA configuralion is sightly diflerenl in ,size and employs a dillerenl core slage engine Ihan

the recommended RFLY-PPA. With a gross lift-off weighl o/2,127,511 Ibs, Ihis concepl also places abou180.000

It_ inlO a 150 neu_icai mib circular od_it.

F.xcepl for _e con_ stage _ne, the coNiguralion features for the RFLY and PPA are iden_cal to Ihose

menlioned Ior Ihe recommended system; refer there for n',_re details.

The alernale PPA cote gage propulsion system includes a block II re.on SSME, feaiudng a completely

redesigned powerhead this development is expecled to increase the engine life and reduce required

maimenance levels, while maintaining the pedomtance ¢haracledstics of the standard Shuffle SSME.
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6.6.1 APOLLO SPACECRAFT
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6 ° 6 . 1 APOLLO SPACECRAFT

APOLLO SPACtCUFT

Ovendl L._ ............... .. 61 h 4j inches _ al_tlU
_tmfibee Io _ e_ L£S)

WeishtD_ ................... 32.000

AIGmundlln, ti_ ............. 96,500

L[M (Felly Eaumded)
Nedt'_t .................. 19 ft 4 lathe,.
Base Oim_slon ....... ,..... 27h 4 Inches (ce_'f d less)
We.IN (AAGrmmd In_nitkm) ...26,500 Hi

kru
Lo_ .................. 28 tt
O;_,_et_ ................. Tape_s from 21 It 8 .riches a

botu_,,, m t2 ft 10 ;riches _' toe
wei_ Vll Gm_n41Ign;t6o_ .... 3S00 tie

SM
L_4_ Oeclvd_O Fa,a_n_t. ..... 15 ft I inch
O,_,et_ ................. t2 fl 10 incl_s
Weight ON.G_)und IInatioasl ..... 50,500 Jb

CM
Len_ .................. t I ft 2 inches
Diameter [Falrinci f_faceJ ..... 12 h lO inches
W._9_ (A¢ _ 14lniUe,) ..... 9500 Ib

k[S
Le_ .................. 29 It I inch (drove CId Up)
Di_4eu_r Ilocl,.t Casm) ....... 2 h 2 ,.c_o
WliUhI f,_ Gin.rodigflit.NmJ .... 6500 Jb

]_ge

PA(]I;i--_ INTENTIONAELYBI_,NK
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6.6.2 SATURN I
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6.6.2 SATURN I

SA1URk I, BLOCK I

_,'s*vnalwr_ ...... . • .. ......... SA-| ihJu SA-4

O,l..rte, fS-I Uidi4cl0on) ....... 21 h 5 mches

D.lmeter (Thh_st Suuctutt) ....... 2_ It q in¢l_:s

Ltngth
SA-] tJ,r_, SA-3 ............ )63 It
SA-4 ................... 165 IL

_t*gl,l II L*IIoII

SA-I l.d SA'2 ............ g2(_,300 Ib

SA-3 ................... l,Ois&.O00 Ib

SA-4 ................... 940,000 Ib

Rated lI_t ...... . ........... 1.)2 re;Ilion It)

Pa;Ic, ad ................,.... Jui),tet no_ rime and acbpte,

StJgts

S*L ...... ............ .... Live

S-IV .....................Dummy

S-V*D .................... Dumm_

Pl,erdny M:'*Sion................ S-I propulsion, SIJruCt.dtt,
and COnlml llifd l_st

_ecofl_ar; Mli$iGfls

SA*2 In,+ SA-.3 .............. Prelect H,_ Wire+

SA-) ..................... Ctntau, _nam¿c IWebSUR Study

VlNI(II PilAMIIIVl

S,AIURN I, BLOC_, I

S-I Stave

Man_14¢ll_' ...... .......... MSFC

Overall O*++.P.Llont
D*an_elef lM,dl, ecl,On) ........ 21 it ) i_cl.PS

D+lmetet flt.ut, I Sttumtu_©l. .... 22 h q inches

Leith ..... .... ......... B] It ? Inche+

[ rig;ntiS ..................oB

lybc ..... : ............. Rocketclyne H-|
horn,nil Thlutl (Lath) ........ |65,000 16 (tea level)

IWh.tuft Ratio IV.o._t_'f) ....... 2.76:1
Outboard GII_)&I PIItcm ...... 70 squire

Cii_ .tu_vlcs ............... 6 o (outbolrd lug;nil,)
)o (inboard en41int._)

Propellant 1_e ;g_t
SA-|, 2, ana 4 ........... 600,000 Ib _LOX/RP-1)

SA-) .................. 750,000 Ib (LOX/RP-11

Sit:parDI _O1_
SA-I and SA-2

SA-3 and SA*4 •.......... 4 eiflmmotOrl;, Sitllem Itelt only+
n0 SeNirat+on

S-IV Stave

ManJaccwef ................ MSPC

OverilJ Oimt.n iion!
D.lmeler ................. |_ |t 4 inche_

Length .................. 4) fl 11 inches

?D T_

PJc+, !

SATUItk I. BLOCK I

S*v*O Sta_e

Idanu/_ctu,m ................ IdSFC/GDA

Ovl_ill O,mln$*_ml

O,I_te_ ................ 10 It
Lemgch .................. 16ft I Inch

Payload

O.eMll _mensien$

D,_I*+ ................. 10 h

.................. _lh

INTENTIONALLYBI._NK 119

SATURN I. BLOCK II

Des+gnatia, ........... ....... SA-S thru SA-IO

Overall Oinmt li_ml

Oilml4wll (S-I MJdl4_tllm).,,,,.. _1'h S k_cKIV

D_ IThr-sl Sit.two)....... 22 h qt Inches

O_4m444f _d[h Finl) ........... 40 N i end141

LenMk
W,thout _ ......... . |2&h ?Inr.heq
SA-S ...... . ........ ....163 it ? t_'_s

SA-6 and SA-? ............ 190 h _ inches
SA-B Ihrv SA-IO., .... ,.... 188 h

WII_M

AI Cmlemd Iqln+l_m .... ., ...... | ._LIbS mtllilm Ib (two 14allot,
IU. paylMd, and LIPS)

It_ted TlvuM (S*I) .... ..... ..... 1..S milllam Ib

Stages

$.4., ..... ...,, ...... ....Live

S*IV ......... ....... ..... L;ve

P_r/M_sst_

SA-) ................ . .... S-I and S-IV pmp, vlo+ee, sl,_tw
Ires cenlml flt11N bllt eIl_ Jvlpite

nose cone payload

SA-6 thna SA-|O ........ ..... S-I an# S*tV Im)puts.e_. Mmctu_
I_I central lll1_t tim Silk k,le,

I)111,41 d_lllo pIyhl_l



SATURN I. BLOCK il

$e£of_d4f; M*tt*ont

SA*S t_n_ SA-10 ............ S*l (ram S-IV sep_lrllllon

SA-6 thin SA-10 ............ Gu*tktd ll*_4s

SA-6 thr. SA-10 ............ Jettison L(S at S*lV t_.tion
4. _0 Mconds

SA*8. SA*g, _ SA-10 ....... M*cmmeteoroid (:,)_.le

SA-10 .................... Sl_cecraft sepatat ,o_

S-I S,_

Pr,fr.e Conu.ictor ....... o .... .. £h_sler

k1_,,, jm D_a,.etel

_t_thoui F.ns .............. 22 fl g *nches (thhlt! Sth_ctunr)
Vv.m Fins ................ 40 ft 8 l,ches

Le._dLh .................... EO It 3 i,_hes

Ground 19n, t,on .........

I[hgln4['S. • • ... _ . ....... o...

Total Nora;hal TlvuM ..........

Pmp¢llaNC_cily ...........
LOX...o...t_._..w..o..
RP-I ..................

. |03.000 Ib
• 1.0lb mill_n Ib

• Ro¢ketdyne H-]L (8)

° 1 .S mlll6oA Ib (sea level)

° 880.000 lb (LOYv'RP-I)
.67,500 val

.42,400 gal

SAIURNI. BLOCKII

Idlx_ R_lo (Wo/WD .......... 2.26_1

Ovt_ltl Glmbal Pe_ ......... 8 e square

CaM AnOles

OeU_oa, d ................. 6 •

Inboard .................. )o

Separalkm (S-I/S-IV) .......... 4 vlllge motors o Thlekol TX°;I80

S*IV Stage

Prime Contractor .... .. ....... Douglas

Leng_ .................... 41 h S Inches

Oiimetor .................. ].B h 4 inches

Weight

I)+y ............... , .... 15.000 Ib (Hcludes 2100 ib

for the S-I/S*IV interst.lge)
At Gn)und I_Itlon .......... .114,000 Ib (less Intlfstage)

I[nsllnes ................... 6; Pratt lind _ltney RL10Ao_

Total Nominal Th_us_ ........... 90.000 Ib (vacuum)

Pmpellenl Capacity ........... 100,000 Ib
LOX ........... . ....... B750 _!

LH_ .................. ,. 28,540 VI

Idixtu_ Ito_lo (Wo/Wf) .... ,, .... S:l

?4 75

VllqCil PA|AM|T|I|

SATURN 1, BLOCK II

Instmm_d Unit

Pr..e Conuactor .............. id SlrC

Le_#h .................... 4 h II inches

D,_..._.. ................... 12 h 10 ;riches

Wlr;_t (AI Gmvnd 19n*t,on) ....... 2700 Ib
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6 .6 .3 SATURN I-B

SATURN IB

Ovuall D,me_tlams

S-IB Id.dNclion......,..... 21 fl 5 inches
Thn, u Stn,ctum ............ 22 fl 9 le, rJ_t
W01E F_ns ................ 40 h II inches

Length

W_thoul SpJcecral| .......... 141 It 9 inches
Wo_ Sp_k:euaft ............ 22) It S 14nches

WeaSlht (At Ground IpilNm) ....... 1.294 mtlllon Ib {two Ma_S,

IU, IMy|c_ld, and LetS)

Rated Thrust (S-Ill) ............. | .S _lllon

Su_les

S*lB ..................... Live

S-IV at .................... Live

S-4B SuSie

p, ime Conuacw ............. Chrysler

Idsx ;mum Diamet_
W*thout F_nl .... ......... 2P2 fl 9 onclts (iJ0l'u_ Iimcluml)

W.th Irons ........... .....40 h i W, heL

Leith .................... B0 It :l ,.che_

Ihy .................... 9|.000 Ib
A_ C_munci I11n0tilm ..... •, • • • • '1.003 miltien Ib

[nv;nes . .... • •. • • •. • • • .... 8; Rocketcl_ne H*|

TetsI Nomin_i TIw_st .......... | .$ mill_n Ik (Me level)

??

SATURk I_,

P_.ella,II ('.',m_,_.*lr ............ 880,000 Ib ILOX/RP-|)

LOX .................... 67.500 Oa!
liP-| ..... , ...... ,. ,....42.400 qial

U,vtu0e Ratio (Wot_kl) ..... . .... 2.26:1

S*IVB StaVe

Pwame Conbactor ........ . ..... Douglas

Lt.ngth ......... . .......... 58 fl. S *al4;hes

D,am4lef ................... 21 ft 8 inches

Dry ..................... 20,000 Ib (excludes *olter_*lage)

(nv,r_ ............ . ....... "_; Ruckeldyne J-_

Tu_l k_r.._ll Th_$| ........... _00,000 Ib (vacuum)

Pm_ella,ot C_cily ............ _19,000 Ib (t.OX/LH 2}
LOX .................... 20.650 _1

LH 2 .................... 72,860 _1

M,.'.._e Ratio (Wo/IN_ .......... S:|

P_,.,e Cont_.c_o_ .............. IdSFC

Leng_ .................... 3It

D,arneter ................... 21 (t 8 inches

I,be,Slhl (A¢ Gh, und 19n*t*on) ....... 2bOO Ib

SATURk V

Veh*c |e

liund_eo el Snages .... .........)

Len_jth

Wolhoul Apollo Sparet_ah .... _81 h || l_¢hes
Wolh Apollo Sp4¢ec_a/I . . . . . )b) it S inches

W_thout Iroo_s .............. )) It
W,th F0ns ................ 63 tt

We*gEt ....... ............. Th_te stages. IU. Apollo

Spacecrall

Dry .................... S00,000 ib
C.mumi ignilion .......... 6,102,000 Ib

S-IC Sulg.

P_on,e ContrKto_ .... ........Boeing

Le.Mh .................. 1)8h

D*ameter

W,tl_dFins............33ft

_th Fins ...,.,..,,.,..63 It

_igEl

Dry ....... . ..... .....287,000 ib
A_ C._Dund I_ln_ticm ..... ....4.7 million Ib

[0,_._es ................. S; Rocketdy_e F-I

PAGEjA_ INTENTIONA_YB_NK
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6.6.4 SATURN V
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6.6.4 SATURN V

SATURk V

S*O¢ Su_

Troll NomnsI Tlvuu ........... ?.S mii_en It Iwa level)

Pm_|hkbts ................. L0X and RP-I

Pml_ella,K Ca_ci|), ........... 4.400,000 Ib
LOX ................ . )40,900 _1
liP-| .................. .20S,900 val

u,.t..e R_,o N, oA_,I| .......... 2.25:1

S-II Stl(te

Prime Co.tractar . . ,, , . , . , , ,,. North _bnerlr,an

Lemjth .................... 81 Ft 6 inches

D.i.tter ................ ,.. )) It

;,e,et,¢
Dr/ .................... ?S.000 Ib (exclucles !),800 |b

14),SetC/S-II Intertklqpe aiNI
vlla_ ,rotors)

AI Ground Ignit;on ........... 1 mdhon Ib ¢excludcs 13o800 |b
II)f S-iC/S*I| Mtmstage and
ullage motors)

I[r._._s ................... S; ._'e&keid),,w J-;_

Total Jlon,md Tlvutl ........... 1 m;ilio_ |b (vocuum)

Pmpella, ds ................. LOX end LH 2

Pmpellanl C&r,,Acily............ 930.000 Ib
LOX ................... B2,?O0 _1
LH;_ ................... ;Pb),O00 lldbl

M,alwe Ila|io (Y,o.'tM) .......... 5:!

_d

SATURN V

S-IVB Staee

Prime ¢onuactmr .............. O°ut lain

L,_leh .................... U h II Ira,hem

Dimetre _'om_d el In_r_ge) •.. 21 I* II incus

W*_#t
................... , |_. q00 re (macludos "/400 lib f_r

S-It/S-IVB In_eta_ and _-
me_rs)

GnNnd lenRi-,,...... • .... 262,000 Ib (excludes ?400 Ib
le_ S.-II/S-IVB Intmu_ md

En#ne ................ IbckeUb_* .I,2

Toud N_mIMI Tlurusi .......... 200,000 Ib (vacuum)

PmpellanLt ................. LOX and LH2

pmpella_4 C,apaclt_ ........ ,... 230,000 Ib
LOX , 20 652 llal

Lt12 ................. :. 72,i60 ell

Idl_ I_*o (Wo/Vvf) ......... S:I

tnuUvnm_ U_tt

prime C,,w4m:t*_ ............. IdSFC

L4q_ .................... )It

DtameW ....... .... ........ _1 fl a k_hes

Wmiekt UV G_,md IgniUw)..... • • )SO0 is
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STAGE

SOLID ULLAGE ROCKET AND RETROROCKET SUMMARY
i ....

TYPE QUANTITY NOMINAL THRUST

S-IC RETROROCKET

ULLAGE

RETROROCKET
S-IT

S-IVB ULLAGE

AND DURATION

75,800 POUNDS-
0.541 SECONDS

23,000 POUNDSI
3.75 SECONDS

34,810 POUNDS_
1.52 SECONDS

3,390 POUNDS **

3,87 _ECONDS

PROPELLANT GRAIN
WEIGHT

278.0 POUNDS

336.0 POUNDS

268.2 POUNDS

58.8 POUNDS

STAGE

S-IC

S-IT

S-IVB

QTY

5

5

1

ENGINE DATA

BURN
ENGINE NOMINAL THRUST TIME
MODEL EACH TOTAL (MINUTES)

F-1 1,530,000 7,650,000_ 2.7

J-2 230,000 1,150,000 6.5

J-2 200,000 200,000 1ST 2.4
2ND 5.g

STAGE DIMENSIONS

S-IC Base

(including fins)

S-IC Hid-stage

S-ll Stage

DIA_4ETER

63.0 FEET

33.0 FEET

33.0 FEET

LENGTH

138 FEET

81.5 FEET

S-IVB Stage 21.7 FEET 59.3 FEET

Instrument Unit 21.7 FEET 3.0 FEET

STAGE WEIGHTS

DRY AT LAUNCH

287,500 4,951,936
POUNDS POUNDS

78,050 1,086,835
POUNDS POUNDS

24,964 268,188
POUNDS POUNDS
4,492 4,492
POUNDS POUNDS

SATURN V STAGE MANUFACTURERS

STAGE MANUFACTURER

S-IC THE BOEING COMPANY

S-IT

S-IVB

S-IU

NOTE:

I

S-IVBSTA.GE

Jl 363 FEET
S-IT

STAGE t_

STAGE

/

r

PRE-LAUNCH LAUNCH VEHICLE
GROSS WEIGHT _ 6,423,754
POUNDS

* MINIMUM VACUUM THRUST AT 12YF
NORTH AMERICAN-ROCKWELL

t AT 170,000 FT. AND 70"F

McDONNELL - DOUGLAS CORP. t NOMINAL VACUUM THRUST AT 60°F

INTERNATIONAL BUSINESS MACHINE CORP. ** AT 175,000 FT AND 7O"F

ttAT SEA LEVEL

THRUST VALUES, WEIGHTS, AND BURN TIMES ARE ALL APPROXIPU_TIONS.

Changed I Janu_'y 1971

I:i_urc I-.t
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IU TO SPACECRAF1

[US LI rlorr
[DS AU1C} ABOF:I
•,_'ti VD(. FOR EL):,
•o2L; VDC FOR Q I_ALL
S-]VL_ LILLAGI l,tll'US1 01,
GUIDANC[ RiFERINEL RILLAS[
AC,( Llrlorr
Q BALL I.EI'II"ERAIURISIN_,]N(;
S-I] AND S-I','r fUll .TANK

PR[S_IJRI
LV ATI],TUDE RLFLRENCL

[ALLURE
LV RATE LXCLSSIV[
EDS ABORT REQUEST
S-]i STARI,/SEPARATION
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TYPICAL CRITICAL EVENT SEOUENCE, FIRST OPPORTUNITY TLI
(EVENT TIMES ARE BASED ON ASS09 LAUNCH VEHICLE OPERATIONAL TRAJECTORY

FOR JANUARY 31, 1971 WINDOW, 72.0670 FLIGHT AZIMUTH)

TIME FROM
FIRST MOTION
(H R:MIN:SEC)

-0:00:17.3
0:00:00.0
0:00:00.4
0:00:01.4

0:00 09.4

0:00:12.3
0:01:09.0
0:01:25.5
0:02:15.0

0:02:15.1
0:02:42.8

0:02:44.8
0:02:453
0:02:45.5

0:02:45.6

0:02:46.2

0:02:47.2

0:02:49.2
0:02:49.8
0:03:15.5

0:03:21.2
0:03:25.6
0:07:43.8
0:07:52.2
0:09:16.67

0:09:16.68

0:09:17.6
0:09:17.7

0:09:17,8
0:09:17.6

0:09:20.8

0:0923.3
0:09:25.4
0:09:26,1
0:09:29.5
0:11:35.6
0:11:43,4

0:11:43.6
O: 11:43.9
O: 11:53.4
0:12:03.6

O:12:03.7
O:12:42.6

TIME FROM
REFERENCE
(HR:MIN:SEC)

TI-0:00:17.7
T1-0:00:00.4
T 1"0:00:00.0
T1+0:00:01.0

TI+0:0O:09.0
T1+0:00:11.9
T1+0:01:08.6
T1+0:01:25.1
T1'+0:02:14.6

T2+0:00:00.0
T2+0:02:27.7

T3+0:00:00.O
T3+0:00:005
T3+0:00:00.7

T3+0:00:00.8

T3+0:00:01.4

T3+0: 0G:02.4

T3+0:00:04.4
T3+0:00:05.0
T3+0:00:30.7

T3+0:00:36.4
T3+0:00:40.8
T3+0:04:590
T3+0:05:07.4
T4-0:00:00.01

T4+0:00:00:0

T4+O:00:00.9
T4+0:00:01.0

T4+0:0001.1
T4+0:00:01.1

T4+0:00:04.1

T4+0:00:06,6
T4+0:00:08.7
T4+0:00:09.4
T4+0:O0:12.8
T4+0:02:18.9
T5-0:00:00.2

TS+0:00:00.0
TS+0:O0:00.3
T5+0:00:09.8

T5÷0:00:20.0

T5+0:00:20.1
T5+0:00:59,0

EVENT

G_ idanee Reference Release
First Motion
Liftoif
Begin Tower Clearance Yaw
Maneuver

End Yaw Maneuver
Pitch and Roll Initiation
Mach 1
Maximum Dynamic Pressure
S-IC Center Engine Cutoff

Set Time Base 2
Begin Tilt Arrest

S-IC Outboard Engine Cutoff
S-II Ullage Rocket Ignition
Signal to Separation Devices
and SIC Retrorockets
S-IC/S-il First Plane
Separation Complete
S-II Engine Start Sequence
Initiated

S-II Ignition (Start Tank
Discharge Valve Opens)
S-II Engines at Mainstage
S.II Ullage Thrust Cutoff
S.II Aft Interstage Drop
(Second Plane Separation)
LET Jettison (Crew Action)
Initiate IGM
S-II Center Engine Cutoff
M R Shift
S-II Outboard Engine Cutoff;
Enable Chi Freeze

Set Time Base4;
Begin Chi Freeze
S-IVB Ullage Ignition
Signal to Separation Devices
and S-II Retrorockets
S-II/S-IVB Separation
S-IVB Engine Start Sequence,
First Burn
S-iVB Ignition (Start Tank
Discharge Valve Opens)
S-IVB Engine at Mainstage
S-IVB Ullage Thrust End
End Chi Freeze
S.IVB Ullage Case Jettison
Begin Chi Freeze
S-IVB Cutoff, First Burn

Set Time Base 5

S-IVB APS Ullage Ignition
Parking Orbit Insertion
Initiate Maneuver to and Main-
lain Local Horizontal Alignment
(CSM Forward, Heads Oown)
Begin Orbital Guidance
LH 2 Continuous Vent Open

TIME FROM
REFERENCE
(HR:MIN:SEC)

0:13:10.6 T5+0:01:27.0 S-IVB APS Ullage Cutoff
0:13:24.1 T5÷0:01:40.5 Begin Orbital Navigation

2:21:00.1 T6+0:O0:O0.0
2:21:42.1 T6+0:00:42.0

TIME FROM
FIRST MOTION
(HR:MIN:SEC)

2:21:42.3
2:29:16.4
2:29:16.9
2:30:30.1
2:30:33.1
2:30:38.1

2:30:40.6
2:33:55.6
2:36:33.8

2:36:340
2:36:34.5
2:36:34.7
2:36:34.8
2:36:37.6
2:36:39.0
2:36:43.8
2:39:04.7
2:39:04.9
2:39:04.9

2:51:34.0
2:51:34.0

3:01:34.0
3:16:34.0
3:36:34.4
3:51:34.0
3:56:34.0
4:11:34.0

4:19:34.0
4:19:35.2
4:20:55.2
4:29:14.2

4:36:14.0
4:40:54.0
4:41:14.0
4:41:42.0
4:42:54.2
4:42:59.0
5:59:340 °

6:29:340*
6:33:35.0"

T6+0:00:42.2
T6+0:08:16.3
T6+0:08:16.8
T6+0:09:30.0
T6+0:09:33.0
T6+0:09:38.0

T6+0:09 40.5
T6+0:11:55.5
T7-0:00:00.2

T7+0:00:00.0
T7*0:00:00.5
T7+0:00:00.7
T7+O00:00.8
T7+0:00:03.6
T7+0:00:05.0
T7+0:00:09.8
T7+0:02:30.7
T7+0:02:30.9
T7+0:02:30.9

T7+0:15:00.0
T7+0:15:00.0

T7+0:25:00.0
T7+0:40:00.0
T7+1:00:00.4
T7+1:15:00.0
T7+1:20:00.0
T7+1:35:00.0 i

... 1T8-0:08:00.01 j

T8+0:00:00.0
T8+0:00:01.2
T8+0.01:21.2
T8+0:09:40.2

T8+0:16:40.0
T8*0:21:20.0
T8+0:21:40.0
T8_0:22:08.0
T8÷0:23:20.2
T8÷0:23:25.0
T8+1:40:00.0"

T8+2: I0:00.0'
T842:14:01.0"

EVENT

Begin StVB Restart Preparations
O2H2 Burner (Helium
Heater) On
LH2 Continuous Vent Closed
S-IVB APS Ullage Ignition
Helium Healer Oil
Initiate J-2 Fuel Lead
S-IVB APS Ullage Cutoff
S-IVB Reignition (Start Tank
Discharge Valve 0 pens)
S IVB Engine at Mainstage
MR Shill (First Opportunity Only)"
S-IVB Engine Cutoff. Second Burn

Set Time Base 7
LH2 Continuous Vent Open
Lax Nonpropulsive Vent Open
LH 2 Nonpropulsive Vent Open
Flight Control Coast Mode On
Enable SC Control of LV
Translunar Injection
Lox Nonpropulsive Vent Closed
LH2 Continuous Vent Closed
Initiate Maneuver to and Maintain
Local Horizontal Alignment
(CSM Forward. Heads Down)
LH2 Nonpropulsive Vent Closed
Initiate Maneuver to and Maintain
TD&E Attitude
CSM Separation (Variable)
CSM/LM Docking (Variable)
LH2 Nonpropulsive Vent Open
LH 2 Nonpropulsive Vent Closed
SC/LV Final Separation (Variable)
Initiate Maneuver to and Maintain
S-IVB EvasiveAttitude (Variable)

Set Time Base8
S-IVB APS Ullage Ignition
S-IVB APS Ullage Cutolf
Initiate Maneuver to and Maintain
Lnx Dump Attitude
LH 2 Continuous Vent Open
Start Lax Dump
LH 2 Continuous Vent Closed
End Lax Dump
Lax Nonpropulsive Vent Open
LH 2 Nonpropulsive Vent Open
Imitate Maneuver to and Maintain
S-IVB APS Impact Burn Altitude
SIVB APS Ullage Ignition
S-IVB APS Ullage Cutofl

• Subject to update by DCS guidance commands to the LVDC after
real- time assessment.

Fif,,arc 2-1
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HIGH DYNAMIC PRESSURE/WIND LOADS

The launch vehicle bending nmntents throt, gh tilL" high q
region arc dependent on the shape of the wind profile and
"he orientation of the wiqd vector wilh respect tl) the
,r,jcctory plane. The envelope of infligh¢ bending moments
resulting from the 95 percentile directional winds for
February-April (5.4-7.5 knots) is shown in figure 2-29. The
critical wind direction and altitude of peak wind speed ;,re
used to obtain the maximum loads.

CENTER ENGINE CUTOFF LOADS

S-IC ccntcr enginc cutoff (CECO) is progr:Hun_cd for 135
seconds after first motion, Figure 2-30 show's the axial load
at CECO. The nominal longitudinal load factor at ('ECO i._
3.51 g's.

OUTBOARD ENGINE CUTOFF LOADS

S-IC outboard engine cutoff (OBECO) occurs at
approximately 162 seconds after first motion. Axial load :11
OBECO is shown in figure 2-31. The nominal longitudinal
load factor ut OBECO is 3.75 g's.

ENGINE OUT CONDITIONS

Engine-out condilions, if they should occur, will affect the
vehicle loads. The time at which the malfunction occurs,
which engine malfunctions, peak wind speed and azimuth
orientation of the wind, are all independent variables which
combine to produce load conditions. Each combination of
engine-out time, peak wind velocity, wind azimuth, and
altitude at which the maximum wind shear occurs, produces
a unique trajectory. Vehicle responses such as dynamic

essure, altitude, Mach number, angle-of-attack, engine
o.mbai angles, yaw and attitude angle time histories vary with
the prime conditions. Structure test prod'urns indica{e a
positive structural margin exists for this malfunction flight
condition.

S-IC STAGE PROPELLANT WEIGHT SUMMARY

A5-509 NOMINAL FLIGHT

CONSUMED PROPELLANT

BUILDUP AND HOLDDOWN
MAINSTAGE
THRUST DECAY
TAILOFF
FUEL BIAS
PRESSURIZATION

RESIDUAL PROPELLANT

L0X
(POUNDS)

3,269,509
66,073

3,189,161
5,310
1,635
NONE
7,330

37,017

RP-I

(POUNDS)

1,415,196
18,619

l,387 ,I02
3,361

414

5,700
NONE

23,014
TANKS
SUCTION LINES
INTERCONNECT LINES
ENGINES
ENGINE CONTROL

SYSTEMS

TOTAL

2,160
32,362

330
2,165

NONE

9,898
6,478

NONE
6,339

299

3,306,526 1,438,210

S-II STAG[ PROPELLANT WEIGHT

AS-509 NOMINAL FLIGHT

USABLE PROPELLANT
MAINSTAGE
BIAS
THRUST BUILDUP
THRUST DECAY
PRESSURIZATION GAS

UNUSABLE PROPELLANT
TRAPPED:

ENGINE AND LINES
INITIAL ULLAGE MASS

TANK AND SUMP (LESS
BIAS)

VENTED GAS

TOTAL

LOX
(POUNDS)

833,951
828,003

NONE
1,002

287

4,659

3,441
3,343
1,563

265
1,515

9B

837,392

SUMMARY

LH2
(POUNDS)

157,694
154,222

1,681
484
115

1,192

2,100
2,005

244
llO

l,651

95

159,794

Figure 2-23

S-IVB STAGE PROPELLANT WEIGHT SUMMARY

(BASED ON 5,0:I MR FOR BOTH BURNS)

LOX LH2
AS-509 NOMINAL FLIGHT (POUNDS) (POUNDS)

188,273 39,162USABLE PROPELLANT
(INCLUDES NOMINAL
PROPELLANT CONSUMPTION

FLIGHT PERFORMANCE
RESERVE, AND FLIGHT
GEOMETRY RESERVE)

FUEL BIAS TO MINIMIZE
RANDOM RESIDUALS

UNUSABLE PROPELLANT
ORBITAL AND FLIGHT

BOILOFF
SUBSYSTEMS
ENGINE TRAPPED
LINES AND TANK

UNAVAILABLE
*BUILDUP TRANSIENTS
*DECAY TRANSIENTS

*FOR FIRST AND SECOND
BURNS

TOTAL

NONE

1,564
4O5

13
108
366

553
I19

189,837

430

3,908
2,493

385
10

726

248
46

43,500

Fil_ure 2-22 Figure 2-24

2-14 Chung.ed I January 1971
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6.6.5 LC-39
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6.6.5 T.C-39
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6.7 EXPENDABLE LAUNCH VEHICLES
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6.7 EXPENDABLE LAUNCH VEHICLES

NASA Faots
National Aeronautics and

Space Administration

John R Kennedy Space Center

Kennedy Space Center, Florida 32899
AC 305 867-2468

II I

SPACE LAUNCH VEHICLES
KSC 135-81
Revised July 1986

Whatever space mission is undertaken, the vehicle Carrying the payload must be propelled into space by rocket
power. All unmanned rockets currently used by NASA have more than one stage and are usually referred to as
launch vehicles. The manned Space Shuttle is a unique design, and in a class by itself,

The payload weight and the planned spacecraft destination determine what rocket capabilities are required for
each mission. A low-weight spacecraft designed to operate in near-Earth orbit might be flown aboard NASA's
smallest space vehicle, the Scout, Sending an Apollo manned spacecraft to the Moon required the massive Saturn V.
The powerful Titan-Centaur combination sent large and complex unmanned scientific explorers like the Vikings and
Voyagers to examine other planets. Atlas-Agenas sent several spacecraft to impact on the Moon. Atlas-Centaurs and
Deltas have launched over 220 spacecraft, in a wide variety of applications that cover the broad range of the national
space program. Of these, only the Scout, Delta, and Atlas-Centaur are still operational.
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I

ATLAS/AGENA

The Atlas/Agena was a multi-purpose two-stage liquid propellant rocket. It was used to place unmanned space-
craft in Earth orbit, or inject them into the proper trajectories for planetary or deep-space probes.

The programs in which the versatile Atlas/Agena was utilized included early Mariner probes to Mars and

Venus, Ranger photographic missions to the Moon, the Orbiting Astronomical Observatory (OAO), and early

Applications Technology Satellites (ATS). The Agena upper stage also was used as the rendezvous target vehicle for
the Gemini spacecraft during this series of two-man missions in 1965-1966. In preparation for the manned lunar

landings, Atlas/Agena launched lunar orbiter spacecraft which went into orbit around the Moon and took photo-

graphs of possible landing sites.

The Atlas/Agena stood 36.6 meters (120 feet) high, and developed a total thrust at liftoff of approximately

1,725,824 newtons (388,000 pounds). It was last used in 1968 to launch an Orbiting Geophysical Observa-

tory (OGO).

SATURN V

The Saturn V, America's most powerful staged rocket, carried out the ambitious task of sending astronauts to

the Moon. The first Saturn V vehicle, Apollo 4, was launched on November 9, 1967. Apollo 8, the first manned

flight of the Saturn V, was also the first manned flight to the Moon; launched in December 1968, it orbited the

Moon but did not land. Apollo 11, launched on a Saturn V on July 16, 1969, achieved the first lunar landing.

Saturn V began its last manned mission on December 7, 1972, when it sent Apollo 17 on the final lunar ex-

ploration flight. It was last used on May 14, 1973, when it lifted the unmanned Skylab space station into Earth

orbit, where it was occupied by three crews for a total of 171 days.

All three stages of the Saturn V used liquid oxygen as the oxidizer. The first stage burned kerosene with the

oxygen, while the fuel for the two upper stages was liquid hydrogen. Saturn V, with the Apollo spacecraft and its

small emergency escape rocket on top, stood 111 meters (363 feet) tall, and developed 34.5 million newtons (7.75

million pounds) of thrust at liftoff.

SATURN IB

The Saturn 18 was originally used to launch Apollo lunar spacecraft into Earth orbit, to train for manned

flights to the Moon. The first launch of a Saturn IB with an unmanned Apollo spacecraft took place in February

1966. A Saturn IB launched the first manned Apollo flight, Apollo 7, on October 11, 1968.

After the completion of the Apollo program, the Saturn IB launched three missions to man the Skylab space
station in 1973. In 1975 it launched the American crew for the Apollo/Soyuz Test Project, the joint U.S./Soviet

Union docking mission.

Saturn 18 was 69 meters (223 feet) tall with the Apollo spacecraft and developed 7.1 million newtons (1.6

million pounds) of thrust at liftoff.

TITAN Ill-E/CENTAUR

The Titan Ill-E/Centaur, first launched in 1974, had an overall height of 48.8 meters (160 feet). Designed to
use the best features of three proven rocket propulsion systems, this vehicle gave the U.S. an extremely powerful and

versatile rocket for launching large spacecraft on planetary missions.

The Titan Ill-E/Centaur was the launch vehicle for two Viking spacecraft to Mars, and two Voyager spacecraft

to Jupiter and Saturn. It also launched two Helios spacecraft toward the Sun. All provided remarkable new informa-
tion about our solar system. The Vikings and Voyagers produced spectacular color photographs of the planets they

explored.

The Titan III-E booster was a two-stage liquid-fueled rocket with two large solid-propell_nt rockets attached.

At liftoff, the solid rockets provided 10.7 million newtons (2.4 million pounds) of thrust.

The Centaur stage, still in use today, produces 133,440 newtons (30,000 pounds) of thrust from two main

engines, and burns for up to seven and one-half minutes. The Centaur can be restarted several times, which allows for

more flexibility in launch times.

2
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CURRENT LAUNCH VEHICLES

NASA has four active launch vehicles, the Space Shuttle. Atlas-Centaur, Delta, and Scout. The Kennedy

Space Center launches Atlas-Centaurs and Deltas from pads on the Cape Canaveral Air Force Station. and Space

Shuttles from pads on Kennedy. The NASA Langley Research Center launches Scouts from Vandenberg AFB in

California and Wallops Flight Facility on the east peninsula coast of Virginia. Visiting teams from Italy sometimes

launch Scouts from San Marco, a man-made platform in the ocean off the east coast of Africa.

Many of the launches conducted by NASA are for commercial organizations, other Federal agencies, other

nations, or multi-national groups such as the International Telecommunications Satellite Organization. NASA is

reimbursed for the cost of the rocket and launch services for such missions.

DELTA

Delta is called the workhorse of the space program. This vehicle has successfully transported over 160 scien-

tific, weather, communications and applications satellites into space. These include the TIROS, Nimbus and ITOS

weather observers; the Landsat Earth resources technology satellites; the early Intelsat intern•signal communications

satellites; and many Explorer scientific spacecraft.

First launched in May, 1960, the Delta has been continuously upgraded over the years. Today it stands 36.4

meters (116 feet) tall. Its first stage is augmented by nine Caster IV strap-on solid propellant motors, six of which

ignite at liftoff and three after the first six burn out 68 seconds into the flight. The average first-stage thrust with the
main engines and six solid-propellant motors burning is 3,196,333 newtons (718,000 pounds). Delta has liquid-

fueled first and second stages and • solid-propellant third stage. For most launches today, this third stage has been

replaced by a Payload Assist Module (PAM) stage attached to the spacecraft.

The new PAM upper stage is also used on Space Shuttle launches. It boosts spacecraft from the low Earth

orbit achieved by the Shuttle orbiter into higher ones. Many spacecraft, especially communications satellites, operate

in • geosynchronous (geostationary) orbit some 35,792 kilometers (22,240 miles) above the equator. With the PAM
and a recent change to a more powerful second stag•, the Delta can lift some 1 _70 kilograms (2,800 pounds) into a

highly elliptical orbit, for transfer into geosynchronous orbit by • motor built into the spacecraft. This is almost

double the 680 kilograms (1,500 pounds) a Delta could manage only seven years ago.

Delta vehicles were developed under the direction of NASA's Goddard Space Flight Center •t Greenbelt, Mary-

land, and •re built by the McDonnell Douglas Corporation.

ATLAS/CENTAUR

The Atlas/Centaur is NASA's standard launch vehicle for intermediate payloads. It is used for the launch of

Earth orbital, geosynchronous, and interplanetary missions.

Centaur was the nation's first high-energy, liquid-hydrogen liquid-oxygen launch vehicle stage. It was devel-

oped under the direction of NASA's Lewis Research Center at Cleveland, Ohio, and became operational in 1966

with the launch of Surveyor 1, the first U.S. spacecraft to soft-land on the Moon.

Since 1966, both the Atlas booster and the Centaur second stag• have undergone many improvements. At

present, the combined stages can place over 4,530 kilograms (10,000 pounds) in low-Earth orbit, about 2,020

kilograms (4.453 pounds) in geosynchronous transfer orbit, and over 1,000 kilograms (2,205 pounds) on an inter-

planetary trajectory.

An Atlas-Centaur stands 41.9 meters (137.6 feet) tall. At liftoff, the Atlas booster develops over 1.9 million

newtons (438,400 pounds) of thrust. The Centaur second stag• develops 146,784 newtons (33,000 pounds) of

thrust in a vacuum. General Dynamics/Convair is the prime contractor for Atlas/Centaur.

Spacecraft launched by Atlas/Centaurs include Orbiting Astronomical Observatories; Applications Technology

Satellites; Intelsat IV, IV-A and V communications satellites: Mariner Mars orbiters; a Mariner spacecraft which made

a fly-by of Venus and three of Mercury; Pioneer spacecraft which accomplished fly-bys of Jupiter and Saturn; and

Pioneers that orbited Venus and plunged through its atmosphere to the surface.

SCOUT

The Scout launch vehicle, which became operational in 1960. has been undergoing system•tic upgrading since
1976. The standard Scout vehicle is a solid-propellant, four-stage booster system approximately 23 meters (76 feet)

in length with • launch weight of 21,600 kilograms (46,620 pounds) and liftoff thrust of $88,240 newtons (132,240

pounds).
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Launch Failure History
I I II I I BaO'llAY_' i

STS

Titan (overall)

(T-34D)

Delta

Atlas-Centaur

Arlane

First flight

1981

1964

(1981)

1960

1962

1979

Failure rate
ii

1/25

6/136

(2/9)

12/179

6160

4/18

-Historical
reliability

96.0%

95.6%

(77.8%)

93.3%

90.0%

77.8%

19_7
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6.7.1 DELTA
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6.7.1 DELTA

DELTA DELTA A DELTA B DELTA C
1960 1962 1962 1963
45 kg 68 k9 68 kg 62 kg

(100 Ib) " (150 Ib) (150 Ib) (180 Ib)

THE DELTA
LAUNCH VEHICLE

DELTAD DELTAE DELTAJ DELTAM DELTAM-6 DELTAg04 DELTA2914 DELTA391
1964 1968 1968 1968 1969 1971 1972 1975

104kg lS0kg 263kg 356kg 454 kg 635 kg 724 kg 954 kg
(2301b) (3301b) (5801b) (7851b) (1,0001b) (1,4001b) (1,5931b) (2,1001b)

Over the years, the Delta Launch Vehicle has been improved in its performance and launch-to-orblt capabilities to meet tl_
needs of the more sophisticated spacecraft systems destined for space. Since 1960, there have been 14 major configure
tlon changes to the launch vehicle. 145
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THE RECORD, 92% SUCCESSFUL

ECHO • 52 INTEL lid (F-4) 103 WESTAR B

2 ECHO-1A 53 OSOD 104 ITOS-G

3 TIROS-A2 54 TOSD 105 SKYNETlIB

4 EXPL-X(P-14) 55 PIONEERC 106 SYMPHONIEA

5 TIROS-A3 56 GEOSB 107 LANDSAT2

6 EXPL-XII (S-3) 57 RAE A 108 SMS B

7 TIROS-4(D) 58 TOSE 109 GEOSC

8 OSO-1(S-3) 59 INTELIIIA(F-1), 110 TELESATC

9 ARIEL(S-51UK1) 60 PIONEERD 111 NIMBUSF

10 TIROS-5(E) 61 HEOSA 112 OSOI

11 TELSTARI(TSXl) 62 TOSF(ESSAS) 113 COSB

12 TIROS6(F) 63 INTELIIIC(F-2) 114 SYMPHONIEB

13 EXPL-XIV(S-3A) 64 OSOF 115 AED

14 EXPL-XV(S-3B) 65 ISIS-A 116 GOESA

15 RELAYA-15 66 INTELIIIB(F-3) 117 AEE
16 SYNCOMA-25 67 TOSG 118 RCAA

17 EXPL-XVII (S-6) 68 INTEL IIID (F-4) 119 CTS

18 TELSTAR 2 (TSX2) 69 IMPG 120 MARISATA

19 TIROS7(G) 70 BIOSD 121 RCAB

20 SYNCOM B (A-26) 71 INTELIIIE (F-S) • 122 NATO IliA

21 EXPL XVIII (IMPA) 72 OSOG 123 LAGEOS

22 TIROSS(H) 73 PIONEER E • 124 MARISATB

23 RELAYII (A-16) 74 SKYNETA 125 PALAPAA

24 S-66 • 75 INTELIIIF (F-6) 126 ITOS H

25 SYNCOMC 76 TIROSM 127 MARISATC

26 IMP-B" 77 NATOA 128 NATOIIIB

27 S-3C 78 INTEL UlG (F-7) 129 PALAPA B

TIROS I (Eye) 79 INTEL IIIH (F-8) 130 ESRO GEOS •
_. OSO-B2 80 SKYNETB 131 GOESB

30 COMSATHS303A 81 ITOSA 132 GMS

31 IMP-C 82 NATOB 133 SIRIO

32 TIROSOT1 83 IMPI 134 OTS-

33 OSO-C • 64 ISISB 135 ISEEA/B
34 GEOS-A 851 OSOH • 136 METEOSAT

35 PIONEER-A 86 ITOSB 137 CS

36 OT-3 87 HEOSA2 138 IUE

37 OT-2 88 TDIA 139 LANDSAT3

38 AE-B 89 ERTSA 140 BSE

39 IMPD 90 IMPH 141 OTS2

40 PIONEER B 9.1 ITOS-D 142 GOES C

41 TOSA 92 TELESATA 143. ESAGEOS2

42 INTELIIA(F-I) 93 NIMBUSE 144 ISEEC

43 BIOSA 94 TELESATB 145 NIMBUS-G

44 INTELIIB(F-2) 95 RAE-B 146 NATOIIIC

45 TOSB 96 ITOS-E- 147 TELESATD

46 OSOE1 97 tMP J 148 SCATHA

47 INTELIIC(F-3) 98 iTOS-F 149 WESTSTAR-C
48 TOSC 99 AE-C 150 RCA-C

49 IMPF 100 SKYNETIIA •
50 AIMPE 101 WESTARA

51 BIOS B i0_ _MS A " Launch Failures

,, , ,, ,,,m a

T, j, the Delta can place over 2,100 pounds Into geosynchronou= transfer orbit,
over 20 times Its original capability. And with the Delta, spacecraft can be placed

into a variety of orbits. These range from the low earth orbit to the geosynchronoua
orbit at an altitude of 22,300 miles where the spacecraft matches pace with the rotat-
Ing earth to remain "on station" over the same point above the equator.

146
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6 •7 .2 ATLAS / CENTAUR
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6.7.2 ATLAS / CENTAUR

ATLAS/CENTAUR

41.9 METERS (137.6 FEET) TALL - 3 METERS (10 FEET) IN DIAMETER

WITH PAYLOAD, WEIGHS APPROXIMATELY 163,523 KILOGRAMS

(360,500 POUNDS) AT LIFTOFF

ATLAS THRUST, 1,950,074 NEWTONS (438,416 POUNDS) AT LIFTOFF

CENTAUR THRUST, 146,784 NEWTONS (33,000 POUNDS) IN A VACUUM

FOR 7 1/2 MINUTES

Atlas/Centaur vehicles are built by General Dynamics/Convair (GD/C), and launched

by a combined NASA/GD/C team. This two-stage, liquid-fueled vehicle has been
used to launch a variety of scientific and technological spacecraft. These have in-

cluded Surveyors to the moon, Mariners to Venus, Mercury, and Mars, and Pioneers

to Jupiter/Saturn. It has placed Applications Technology Satellites, and COMSTAR,
INTELSAT, and FLTSATCOM communications satellites, into geosynchronous
transfer orbits. The Atlas/Centaur is the most powerful unmanned vehicle now

launched by NASA. In 1984 it was upgraded by lengthening the Atlas stage to

provide larger propellant tanks. The Centaur stage has been improved by substi-
tuting attitude control thrusters powered by hydrazine (used as a mona-propellant)
for ones powered by hydrogen peroxide, and replacing the oxygen and hydrogen

propellant pumps by pressure-fed systems.

The 23.3-meter (76.3-foot) long first stage is an uprated version of the flight-proven
Atlas vehicle used in the national space program since 1959. The Rockwell Inter-

national/Rocketdyne MA-5 engine system burns RP-1, a highly refined kerosene,

and liquid oxygen. The MA-5 utilizes two main engines, a 1,679,120 Newtons
(377,500 pounds) thrust booster engine with two thrust chambers, and a smaller
sustainer with a single thrust chamber that produces 266,900 Newtons (60,000

pounds) thrust. The sustainer nozzle is located between the two larger ones of the
booster engine. Two small vernier engines which help control the vehicle in flight
are also burning at liftoff, for a total thrust of 1,950,074 Newtons (438,416 pounds).

Total weight at liftoff is about 163,523 kilograms (360,500 pounds).

An unusual feature of the Atlas vehicle is its "stage-and-a-half" construction. All

five thrust chambers are burning at liftoff. After more than 2.5 minutes of flight

the booster engine cuts off. This engine and its supporting structures are jettisoned,
deleting a large portion of the structural weight of this stage. The sustainer and

vernier engines continue to burn until the propellants are gone, at about 4.5 minutes.
This means an Atlas retains most of the weight reduction advantage gained by

jettisoning a used-up stage, but does not have to ignite its engines in flight, as a
separate stage must.

The only radio frequency system on the Atlas is a range safety command system,

consisting of two receivers, a power control unit, and a destruct unit. The Atlas
can be destroyed in flight by ground cont,ol if necessary, but otherwise receives
all its control directions from the Centaur stage.

The Centaur stage sits above the Atlas, on a baNel-shaped interstage adapter. The Atlas and Centaur separate two o_ three
seconds after the Atlas bu=ns out. Eight small =etrorockets near the bottom of the Atlas fuel tank then back this stage

away from the Centaur.

The Centaur stage is 9.1 meters (30 feet) in length without the fairing on top. Exclusive of payload, it weighs about
17,700 kilograms (39,000 pounds) when loaded with propellants. The main propulsion system consists of two Pratt
& Whitney engines burning liquid oxygen and liquid hydrogen, producing 146,784 Newtons (33,000 pounds) thlust

in the vacuum of space in which they a=e designed to operate. These engines can be stopped a_d resta_ ted, allowing the
Centaur to coast to the best point from which to achieve its final trajectory before igniting for another buJn. While coast-

Ing, the stage is controlled by 12 small thruster engines, powered by hydrazine. These hold the stage ste,,(iy and provide
a small constant thrust to keep the propellants settled in the bottom of their tanks, a necessity for a second or third

burn.

A cylindlical nose fairing with a conical top sits on the1 _$ntaur and i)totc:cts the Sl_acecraft. Total vehicle hei!]ht i_ 41.9

_. gl_etevs( 137.6 fee t). Both stages ale th= ee me tel s ( 10 fz;e'_HH't diamete,.

1_/_Sk5_L___INiI:II [IUN_LLY BI.Ai_K



The Centaur etect_onic packages are mounted in a circle around a conical equipment module, located above the upper
tank. An adapter on top of this module connects to the payload adapter on the bottom of the spacecraft. These elec-
tronic packages provide an integrated flight control system which performs the navigation, guidance, autopilot, attitude
controi, sequence of events, and telemetry and data management functions for both the Atlas and Centaur stages. The
heart of this system is a Digital Computer Unit (DCU). built by Teledyne. The DCU sends commands to control most
planned actions, including all but items one, two, and five in the table following. The DCU receives guidance information
from a combination of sensors called the Inertial Measurement Group, built by Honeywell, and sends steering commands
to all Atlas and Centaur engines. The Centaur also has a ground-controlled destruct system similar to that on the Atlas, in
case the vehicle must be destroyed in flight.

The Centaur uses the most powerful propellant combination available, has a light.weight structure, and an engine burn
time of up to 7 1/2 minutes, the longest of any upper stage now in service. This gives it the most total energy for its size of
any stage yet built.

The following table provides a list of the major events that will occur during the flight.

Time After Altitude Distance Downrange Velocity
Event Liftoff (Kilometers) (Miles) (Kilometers) (Miles) (Kilometers) (Miles)

Liftoff T+O .........

Atlas Booster 2 rain 35 sec 60 37 90 56 9,011 5,599

Engine Cutoff

Jettison Atlas 2 min 39 sec 63 39 98 61 9,125 5,670

Booster Engine

Jettison Centaur 3 min 0 sec 82 51 151 94 9,746 6,056

Insulation Panels

Jettison Nose Fairing 3 rain 44 sec 114 71 277 172 11,312 7,029

Atlas Sustainer/Vernier 4 rain 32 sec 143 89 436 271 13,662 8,489

Engines Cutoff

Atlas/Centaur 4 rain 35 sec 143 89 444 276 13,670 8,494

Separation

First Centaur Main 4 rain 45 sec 150 93 483 300 13,646 8,479

Engines Start

Centaur Main Engines 9 min 56 sec 164 102 2,094 1,301 26,799 16,652

Cutoff

Second Centaur Main 23 rain 58 sec 161 100 8,230 5,114 26,847 16,682

Engines Start

Second Centaur Main 25 rain 35 sec 177 110 9,035 5,614 35,414 22.005

Engines Cutoff

Centaur/Spacecraft 27 min 50 sec 288 179 10,309 6,406 " 35,056 21,783

Separation

These numbers may vary, depending on exact launch date, launch time, and spacecraft weight.

NOTE: The final velocity of 35.414 kilometm's (22.005 miles) per hour places the spacecraft in a transfer orbit, with an
apogee of 35,782 kilometers (22.234 miles) and a perigee of about 161 kilometers (100 miles). The Air Force then
assumes control of the spacecraft. At an apogee chosen by Air Force contlollers, the on-board apogee kick-motor will be
fired to circularize the orbit at geosynchtonous altitude, about 35.789 kilometeJs (22,238 miles) above the equator. It
will then be "drifted" to its assigned place in the FLTSATCOM global network. The spacecraft will have a final velocity
of about 11.071 kilometers (6,879 miles) per hour. It will complete one orbit every 24 hours, and so move back and
forth above the same area on both sides of the equator.
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General Dynamics Cites Launch
Candidates for Atlas G/ ;entaur

San Diego--General Dynamics has identi-
fied 45 satellites as high.priority objec-
tives in its renewed marketing campaign
for commercial launches between 1989

and ! 994 with an Atlas G/Centaur, which

will have a payload fairing sized to accom-
modate space shuttle and Ariane 4-class

payloads.
The company is talking to )0 potential

customers about possible launch of about
15 spacecraft during the five-year period,
Alan M. Lovelace, general manager of Gen-

eral Dynamics' space systems division,

said. Nearly all of the satellites are com-
munications spacecraft, and about 70%
are domestic payloads.

General Dynamics' market projections
show there are 27 firm payloads to be

launched during the fiye-year period in the
payload weight class of the Atlas G/Cen-
taurm3,500-5,200 lb. to geosynchro-
nous transfer orbit.

In addition to the 27 firm spacecraft,
there are an estimated 22 additional satel.

liras that are planned replacements for

existing spacecraft and nine more that are
"possible" payloads. The total of 58 satel-
lites, uncommitted to a launch vehicle, in.

elude government satellites and domestic
and international commercial payloads.

General Dynamics reevaluated the com-
mercial launch vehicle market after the

company was not selected to develop the
Air Force's medium-launch vehicle (MLV).

Company officials said a launch rate of
three satellites per year beginning in
1989 would be an acceptable rate for the
Atlas/Centaur in launches from Pad 36B

at Cape Canaveral AFS, Fla..which could

support up to five launches with a surge to
six launches per year.

Launch Pad 36A, which was used for
development work on the shuttle-Centaur

program, could be reactivated for Atlas

launches as a growth option.
Lovelace said General Dynamics has re-

ceived a memorandum of understanding

from the Air Force which the Air Force said

should enable the company to proceed
with commercial launch vehicle planning
and more detailed discussions with poten-
tial customers.

In addition to the Air Force commercial-

ization agreement, General Dynamics ex-

petted formal approval last week of an

agreement with NASA headquarters on Is-
sues such as tooling, equipment, manufac-

turing, financial arrangements and liabil-

ity.
An ancillary agreement for launch ser-

vices may be completed in April.
1he Atlas G/Centaur will be offered with

payload fairing d,ameters of 10 ft., | 0.8

ft. and )3.8 ft. "The ]O-ft. shroud Is the

same size as the present fairing, while the
10.B-ft. shroud has been sized to accom.

modatv payload assist module (PAM-D2)
class payloads and payloads designed for

Ariane 2 and 3 fairing sizes.
Payload weight performance with the

largest fairing would be reduced by about
400 Ib. as a result of increased aerody-

namic drag and the mass of the larger
structure. []
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Atlas O/CenfRur AtlRs G/Centmur/I P,

Comparison of present General Dynamics
Atlas G/Centaur launch vehicle, left, and

the planned Atlas G/Centaur booster with a
|3.8-ft.-dia payload fairing Is shown in

drawing 1he new launch vehicles, designed
to boost payloads of up to 4,800 lb. to

geosynchronous transfer orbit, would be
available beginning in | 989.
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There are four versions of the Titan III
launch vehicle. The IIIB and IIIO are

launched from Vandenberg Air Force Base,
and the IIIC and IIIE from Cape Canaveral.
The core v_lhicle with SRMs is the most

powerful laqJnch vehicle developed by the
Air Force. The Titan III E, with Centaur

payload shroud four feet wider than booster

sta(j_, has • hammerhead shape that is

unique in today's launch vehicles.

Two strap-on solid fuel rockets (Stage O):
two motoes, powdered aluminum and

ammonium perchlorate fuel, burn duration
122 sec, thrust 2A million lb.

Two-stage liquid propulsion core vehicle:

_je I, two engines, hvdrazine.
unsymmetrical dimethylhvdrazine, and

ni'0rogentc.l:roxide fuel. burn time 148 sec.
thrust 520,000 lb. Stage II, one engine,
hydrazine, unsymmetrical

dimethylhydrazine, and nitrogen tetroxide
fuel. burn time 208 sec, thrust 101,000 lb.

High-energy restartable upper stage
developed by NASA: two engines, liquid

hydrogen and liquid oxygen fuel. capability
of multiple starts, total burn time 433 sec,
thrust 30,OOO lb.

Centaur Standard Shroud: 58 ft long and
14 ft diarnc_r, required for enclosing
Viking spa_craft and Centaur for llftoff

a_d ascent; developed by NASA.

Inertial reference unit with four-gimbal,
all.attitudle-stable platform, stabilized by

three gyros; advanced high-speed digital
computer.

161 FEET,

1,416,000 POUNDS "
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PAYLOAD SHROUD

Oiameter: 14 ft

Length: 58 ft
Weight: 7100 Ib
Payloads: Up to 12,000 Ib

GUIDANCE SYSTEM

Inertial ReferenceUnit,
4-Gimbal Platform

CENTAU R-THIRD STAGE

Diameter: 10 ft

Length: 31.5 ft
Weight: 35,000 Ib
Fuel: LH2 and LOz

INTERSTAGE ADAPTER

Diameter: 10 ft

Length: 9.5 ft

TITAN III SECOND STAGE

Diameter: 10 ft

Length: 23 ft
Weight: 81,400 Ib
Fuel: hydrazine, unsymmetrical
dimethylhydraz]ne, nitrogen
tetroxide

TITAN III FIRST STAGE

Diameter: 10 ft

Length: 63 ft
Weight: 277,000 Ib
Fuel: hvdrazine, unsymmetrical
dimethylhydrazine, nitrogen
tetroxide

STAGE O SRMs

Diameter: 10ft
Length: 85 ft
Weight: 507,000 Ib each
Fuel: powdered aluminum
and ammonium perchlorate
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MARTIN MARIE'I'TA
, SPACE LAUNCH SYSTEMS
q P.O. Box 179, DENVER, COLORADO 80201

MARTIN MARIETTA

_- '"_UBLIC RELATIONS (303) 977-5364

FACT SHEET
TITAN II Space Launch Vehicle

/.:3;

PROGRA_I

CUSTOHER

CONTRACT VALUE

CONTRACT STATUS

MARTIN MARIETTA ROLE

DESCRIPTION

PURPOSE

FIRST STAGE

Titan II space launch vehicle

U.S. Air Force, Space Divislon

Los Angeles, Callfornia

$615 million

Martin t,larletta's Space Launch Systems

company is under contract to refurbish 13

government-owned Titan II ICBtls for use as

space launch vehicles. The contract,

awarded in January lg86, runs through
September 1995.

Martin Marietta is converting the Titan lls

from ICBMs to space launch vehicles. Tasks

include modifying the forward structure of
the second stage to accommodate a lO-foot

diameter payload fairing _vlth variable

lengths; manufacturing the new fairings plus
payload adapters; refurbishing the Titans'

liquid rocket engines; upgrading the

inertial guidance systems; developing
command, destruct and telemetry systems;

modifying Vandenberg Air Force Base Space
Launch Complex-4 West to conduct the

launches; and performing payload integration.

The Titan 11 space launch vehicle is a
modified Titan II ICBM. It consists of two

stages, a payload adapter and payload
fairing.

To provide low-cost, low- to medium-weight
launch capability into low polar orbit.

Length: 70 feet
Diameter 10 feet

Engine Thrust: 430,000 pounds

(more }
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Titan II Fact Sheet -- Page 2

SECOND STAGE

GUIDANCE

PAYLOAD FAIRING

LIQUID ROCKET ENGINES

CAPABILITY

BACKGROUND

TIMETABLE

September 1987

Length: 40 feet
Diameter: I0 feet

Engine Thrust: I00,000 pounds

Inertial with digital computer
Subcontractor: Delco Electronics

Diameter: lO feet

Lengths: 20 to 30 feet

Skin and stringer construction, tri-sector

design
Subcontractor: HcDonnell Douglas

Refurbished Titan II ICBM engines
Subcontractor: Aerojet TechSystems Co.

The Titan II will be able to lift about

4,800 pounds into a lO0 nautical mile
circular orbit.

t4artln Harletta built more than 140 Titan

ICBHs, once the vanguard of America's
nuclear deterrent force, for the Air Force.

Titan IIs also were flown as space launch
vehicles in r4ASA's Gemini manned space

program in the mld-1960s.

Deactivation of the Titan II ICBM system

began in July 1982. The last missile was
taken from its silo at Little Rock Air Force

Base, Arkansas, on June 23, 1987.

Deactivated missiles are in storage at
Norton Air Force Base in San Bernadino,
California. )lartin Marietta is responsible

for transporting the Titan IIs from
California to its facilities in Denver.

The Air Force requires an initial launch
capability of a Titan II space launch

vehicle in April 1988 from Vandenberg Air
Force Base, California, with subsequent

launches continuing into 199B.

###

i
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' MARTIN MARIETTA
"SPACE LAUNCH b'_(STEMS
1P.O. Box 179, DENVER, COLOPJ_DO 80201

MARTIN MA RIE'I7"A

_' IBLIC REI.AllONS (303) 977-5364

PROGRAH

CUSTOMER

COHPANY ROLE

CONTRACT STATUS

DESCRIPTION

FACT SHEET
TITAN 34D

Titan 34D

U.S. Air Force, Space Division
Los Angeles, California

Harttn Hartetta, along with its associates,
designs and but lds the Titan 34D for the Air
Force. t4arttn t4artetta ts responsible for
the first and second stages, along with
systems integration and launch support
services.

The company has butlt and delivered 15 Titan
34Ds to the Atr Force.

The Titan 34D is a space launch vehicle in
the Titan launch vehicle family that has
been the Air Force's principal launch system
for 20 years.

The common core vehicle consists of two
liquid-propellant booster stages that are
the central propulsion elenent. T_dn
lO.2-foot diameter solid-propellant rocket
motors are attached to each side of the.
first stage and provide additional thrust
during the boost phase, The Titan 34D uses
five-and-one-hal f-segment soltd rocket
motors.

The Titan 34D currently flies with a lO-foot
diameter or lO.S-foot diameter payload
fairing (payload enclosure). The length of
the payload fairing vartes from 15 feet to
60 feet, depending on the payload.

The Titan 34D accommodates a variety of
specialized upper stages. It is currently,
launched using inertial guidance with a
Transtage, or using radio guidance with no
upper stage, tt can be configured for a
vartety of orbits, multiple payloads, and
complex mission operations.

(more)
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Page 2 -- Titan 34D Fact Sheet

LAUNCH SITES

OVERALL LENGTH
w

OVERALL WEIGHT

THRUST AT LIFTOFF

SOLID ROCKET MOTORS (2)

FIRST STAGE

SECOND STAGE

PAYLOAD FAIRING

CAPABILITIES

*Fuel: Aerozine 50
Oxidizer: nitrogen tetroxtde

The Titan 34D is launched from both

Vandenberg Air Force Base, California, and

Cape Canaveral Air Force Station, Florida.

Up to 161.9 feet (depending on configuration)

Up to 759.8 tons, plus payload

2.8 million pounds

Length:
Diameter:

Motor Thrust:

Wel ght:
Propel lants:
Contractor:

90.4 feet
10.2 feet

1.4 million pounds per
motor

552,000 pounds per motor
solid
United Technologies

Length:
Diameter:

Engine Thrust:

Propellants:

Stage Contractor:

77.8 feet
10 feet
529,000 pounds
1iqui d*
Martin Marietta

Length:
Diameter:

Engine Thrust:

Propel Iants:

Stage Contractor:

31 feet

I0 feet

101,000 pounds

liquid*
Hartin Marietta

Diameter: 10 feet

Lengths: 15 to 60 feet

Diameter:

Lengths:

10.5 feet

40 to 55 feet

The Titan 34D can deploy single or multiple

sate111tes to low, transfer, or
geosynchronous Earth orbits, as well as on

deep space or interplanetary flights. It

also offers compatlbJlfty with many Shuttle

payloads.

The Titan 34D can dellver up to 31,650

pounds (14,360 kllograms) into low-Earth
orbit when launched from Cape Canaveral,

F1orlda. Using a Transtage, It can place

4,200 pounds (1,905 kilograms) into
geosynchronous orbi t.

When launched from Vandenberg AFB,
Callfornla, the Titan 340 can deliver a

27,000-pound (12,247-kllogram) spacecraft

Into a 100-nautlcal-mlle polar orbit.

(more)
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Page 3 -- Titan 34D Fact Sheet

PAST PERFOPJ4ANCE

BACKGROUND

ASSOCIATE CONTRACTORS

January 1988

The first launch of a Titan 340, with a

payload of two high-performance military
communications satellites, occurred in

October 1982. As of January 1988, there had
been 11 Titan 34D launches.

The U.S. Air Force Titan I Intercontinental

ballistlc misslle (ICBM) system was the

first product of Martin Marietta in Denver,
Colorado. Titan I was followed by the Titan

II ICBM, which evolved Into a space launch
vehlcle in the 1960s. Man-rated for the

Gemini program, Titan II launched the space
program's 10 two-man Earth-orblting missions
during 19 months in 1965 and 1966.

Titan Ill began service in 1964. To date it

has dellvered more than 200 payloads into
Earth orbits or on missions to the Sun and

planets. Titan Ills were employed to launch
the Viking spacecraft to Mars in 197S and

the Voyager deep-space probes in 1977.

In June 1977, the Air Force awarded Martin

Marietta a contract for the Titan 340.

United Technologles, chemlcal Systems

Division (solid rocket motors)

Aerojet TechSystems Co. (liquid-propellant

engl nes )

General Motors' Delco Systems Operations

(inertlal guidance components for Transtage)
McDonnell Douglas Astronautics Co. (payload
fairing for East Coast launches)

Western Electric Corp. (radio guidance
system)
Lockheed Missiles & Space Co., Inc. (Agena
upper stage and payload fairing for West

Coast launches and the Agena upper stage)

###
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MARTIN MARIETTA
SPACE LAUNCH SYSTEMS

_.O. Box 179, DENVER, COLORAOO 80201

MARTIN MARIE1 TA

3LIC RELATIONS (303) 977-5364

FACT SHEET
TITAN IV

PROGRAI_

CUSTOMER

CONTRACT VALUE

_RTIN _RIETTA ROLE

CONTRACT STATUS

i , DESCRIPTION

PAYLOAD CAPABILITY

LAUNCH SITES

Titan IV

U.S. Air Force, Space Division

Los Angeles, California

Approximately $4.4 billion

Hartin Harietta Space Launch Systems is

responsible to the Air Force for
development, production, and launch services

for the Titan IV space launch vehicle.

In February 1985, Martin Marietta was chosen
by the Air Force to build and launch ten

Titan IVs. The program was expanded to 23

vehicles in August 1986.

The Titan IV is a growth version of the

Titan 34D space launch system, with

stretched first and second stages,
seven-segment sol id-propel Iant rocket

motors, and a 16.7-foot diameter payload

fairing. The Titan IV launch system
includes a modified Centaur G-prime upper

stage, and also nay be flown with an

Inertial Upper Stage (IUS), or no upper
stage. Overall length of the system is 204

feet when flown with an 86-foot payload

fairing. In 1991, upgraded three-segment
solld rocket motors will be added as an

element of the Titan IV system.

The Titan IV Centaur is capable of placing
lO,O00-pound payloads Into geosynchronous

orbit, 22,300 miles above the Earth. The

Titan IV system also is capable of placing
39,000 pounds into a low-Earth orbit at 28.6

degrees inclination or 32,000 pounds into a

low-Earth polar orbit. The addition of the
solid rocket motor upgrade will enhance

performance by approximately 25 percent.

The Titan IV will be launched from Cape

Canaveral Air Force Station, Florida, and
Vandenberg Air Force Base, California.

(more)
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SOLID ROCKET MOTORS (2)

UPGRADED SOLID ROCKET (2)
MOTORS

FIRST STAGE

SECOND STAGE

MODIFIED CENTAUR G-PRIME
UPPER STAGE

-2-

Length:
Diameter:

Motor Thrust:

Weight:

Propellants:

Contractor:

Length:
Diamete r:

Motor Thrust:

Weight:

Propellant:

Contractor:

Length:
Diameter

Engine Thrust:

Propel Iants:

Contractor:

Length:

Diameter:

Engine Thrust:

Propellants:

Contractor:

Length:
Diameter:
Engine Thrust:
Propellants:

Stage Contractor:

(more)
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112 feet

I0 feet

1.38 million pounds per

motor (peak vacuum)

692,000 pounds
sol id--polybu tadiene

acrylic acid

acrylonitrile (PBAN)

composite which uses

powdered aluminum fuel
and ammonium perchlorate
oxidizer

Chemical Systems
Division, United

Technologies Corp.

112.4 feet

126 Inches

1.7 million pounds per

motor (peak vacuum)
759,000 pounds

solid, 88 percent
hydroxyl terminated

polybutadiene

Hercules Aerospace

86. S feet

10 feet

548,000 pounds (full

duration average )
hypergol Ic

Iiqui d--Ae rozi he-S0

(hydrazi ne and
unsynwnetrlcal

dimethyl -hydrazl ne ) fuel

and nitrogen tetroxide
oxidizer

Hartin Marietta

32.7 feet (bottom of

engine nozzle to top of
forward ski rt)
10 feet

I05,000 pounds (full
duration average )

hypergol ic

Ilquid--Aerozine-50 and
nitrogen tetroxide
Martin Hari etta

29.45 feet

170 inches

33,000 pounds

cryogenic--1 iquid oxygen

and 11quld hydrogen
General Dynamics Space

Systems
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INERTIAL UPPER STAGE

GUIDANCE

PAYLOAD FAIRING

LAUNCH WEIGHT

BACKGROUND

TIMETABLE

TEAM MEMBERS

November 1987

-3-

Length:
Diameter:

Engine Thrust:

17 feet
flares from 90 to ll4

iriches

42,000 pounds/l 7,500

pounds

Propellants:

Contractor:

solid--hydroxyl
terminated polybutadiene

Boeing Aerospace Co.

Inertial with digital computer
Contractor: Del co Systems

-. Operations, General

-- Motors Corp.

Length: 56-86 feet
Diameter: 200 inches

A1umlnum isogrid construction, trisector

•desl gn
Contractor: McDonnell Douglas

Astronautics Co.

Approximately 1.9 million pounds

The Titan IV is the latest addition to a

family of Titan launch vehicles that has

compiled an unsurpassed record. The Titan
Ill has successfully completed 13l of 136

operational launches for a 96.3 percent
success rate.

The Air Force plans the initial launch of a
Titan IV in late 1988, with a projected

launch rate of lO vehicles per year in the

1995 fiscal year.

Subcontractors

*Aerojet TechSystems Co., Sacramento,

CA--llquid rocket engines
*Chemical Systems Division, United

Technologies Corp., San Jose, CA--solid
rocket motors

*Hercules Aerospace Co., Magna, UT,-solid

rocket motor upgrade
*Delco Systems Operations, General Hotors

Corp., Goleta, CA--Inertial guidance
*General Dynamics Space Systems, San Diego,

CA--modifled Centaur G-prlme upper stage

*McDonnell Douglas Astronautics Co.,

Huntl ngton Beach, CA--payload fai ring
*Spacecraft, Inc., Huntsville,
AL--I nstrume nta tion

*Cincinnati Electronics Corp., Cincinnati,

OH--command recei vers

Associate Contractor

*Boelng Aerospace Co., Seattle, WA--IUS

16} "_
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MARTIN MARIETTA
;tl COMMERCIAL TITAN, INCORPORATED

RO, BOX179, DENVER, COLORADO 80201

" 'JBUC RELATIONS (303) 977-_

PROGRAM

COMPANY ROLE

CUSTOMERS

DESCRIPTION

FACT SHEET

COMMERCIAL TITAN

Commercial Titan

Martin Marietta Commercial Titan, Inc., is

offering a version of the Titan Ill space
launch vehicle for launches of commercial

satellites, The Commercial Titan can place

payloads in excess of 31,000 pounds into

low-Earth orbit, and launch most large
communications satellites two at a time.

Martin Marietta signed its first contract
for Commercial Titan launch services on

August 10, 1987, with the International

Tel ecommunicati ons Satel Iite Organi zati on
(INTELSAT). The contract calls for the
launch of two INTELSAT VI communications

satellltes in 1989 and 1990.

On September 14, 1987, Martin Marietta

signed a contract with Hughes

Communications, Inc., representing Japan

Communications Satellite Company, to launch
the JCSAT-2 communications satellite on a
Commercial Titan in 198g. JCSAT-2 will be

paired with a British military
communications satellite in the Skynet 4

series, which Martin Marietta will launch
for the British Ministry of Defence.

The Commercial Titan is a member of the

Titan launch vehicle series that.has been

the Air Force's prlnclpal launch system for
20 years. Titans also have flown missions

for the National Aeronautics and Space
Admi nistratlon.

The common core vehicle consists of two

1fqufd-propellant booster stages that are
the central propulsion element. Twin

10.2-foot diameter solid-propellant rocket
motors (SRMs) are attached to each side of

the core vehicle and provide additional
thrust during the boost phase. The
Commercial Titan launch vehicle uses

five-and-one-ha If-segment SRMs.

(more)
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DESCRIPTION (cont.)

SOLID ROCKET MOTORS (2)

FIRST STAGE

SECOND STAGE

PAYLOAD FAIRING
AND EXTENSION MODULE

AFT PAYLOAD CARRIER

LAUNCH SITE

PAST PERFORMANCE

-2-

Hartin Harletta is using a 13.l-foot

diameter payload fairing for the Commercial
Titan.

The Commercial Titan launch vehicle can

accommodate a variety of specialized upper

stages, and can be configured for a variety
of orbits, multiple payloads, and complex

mission operations.

Length:
Diameter:
Motor Thrust:

Weight:

Propellants:
Contractor:

90.4 feet

10.2 feet

1.4 million pounds per
motor

552,000 pounds per motor
UTP-3OOOIB solid

United Technologies

Length:
Diameter:

Engine Thrust:
Propel Iants:

Stage Contractor:

78.6 feet

10 feet

546,000 pounds
Aerozlne 50, nitrogen
tetrox ide
I4artin Marietta

Length:
Diameter:

Engine Thrust:
Propellants:

Stage Contractor:

Diameter:

Overall Length:
Contractor:

32.7 feet

10 feet

I04,000 pounds

Aerozlne 50, nitrogen
tetroxi de

Hartln Marietta

13.1 feet (4 meters)

up to 52.5 feet
Contraves AG (for the

payload fairing)

Length:

Diameter:

Composl tlon:

Dornler System GmbH

18.3 feet (6.6 meters)

(low-Earth orbl t)

16 feet (4.8 meters)

(geosynchronous transfer
orbl t)

13.1 feet (4 meters)

Lightweight graphi te

epoxy

Launch Complex 40 and associated processing

facilities at Cape Canaveral Air Force

Station, Florida.

The flrst operatlonal launch of a Titan III

was on July 29, lg66. As of October 26,
1987, the Titan Ill had recorded 131

successful flights In 136 operational

launches for a 96.3 percent success rate.



BACKGROUND

THE TITAN TE_4

November 1987

-3-

The U.S. Air Force Titan I intercontinental

ballistic missile (ICBM) system was first

produced in 1956 by Martin Marietta in
Denver. Titan I was followed by the Titan

II ICBM, which evolved into a space launch
vehicle in the 1960s. rlan-rated for the

Gemini program, Titan II launched the space

program's lO two-man Earth-orbiting missions

during 19 months in 1965 and 1966.

Titan Ill began service in 1964 and has

delivered more than 200 payloads into Earth
orbits or on missions to the Sun and

planets. Titan Ills were employed to launch
the Viking spacecraft to Hars in 1975 and

the Voyager deep-space probes In 1977.

Martin Marietta currently has three Titan

space launch systems in various stages of

production or development. They include tlle
Titan IV, the most powerful Titan vehicle
which will be used to launch payloads for

the =Air Force as a complement to the Space

Shuttle; the Titan II, which Is being
converted from deactivated Titan II ICBMs;

and the Titan 34D, another version of the
Titan III that Martin Marietta builds for

the Air Force.

United Technologies, Chemical Systems

Division (solid rocket motors)

AeroJet TechSystems Co. (llquld-propellant

engl nes )
General Motors' Delco Systems Operations

(Inertlal guidance components)

Contraves AG (payload fairing)

Dornler System GmbH (payload carrier
assembly)

###
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6.7.4 SHUTTLEDERIVES (SCE)

NASA HLLV STATUS

BRIEFING TO DR. FLETCHER

JUNE 1987

HEAVY LIFT LAUNCH VEHICLE OVERVIEW

1-3378-7-$D

(
STS CARGO

ELEMENT
(SCE]

NASAIAFSD

HEAVY LIFT LAUNCH VEHICLE

I
I

I ADVANCED LAUNCH

SYSTEMS

AFSDINASA

QNEAR TERM (g2-98) - PHASE BIC • LONGER TERM - LATE 00's - PHASE A

• HIGH RELIABILITY • HIGH RELIABILITY

(}EXISTING SYSTEMS & FACIUTIES • NEW FACIUTIES & NEW/EVOLVED SYSTEMS

• LOW DEVELOPMENT COST (89, I)0, 01) • HIGH DEVELOPMENT COST-MID 90's

• EVOLUTIONARY TEST BED • ADVANCED SYSTEMS

• LOW COSTllb TO ORBIT • LOWER COSTtlb TO ORBIT

• LOW LAUNCH RATE (2-4/YR} • HIGH LAUNCH RATE

• LOW LBSP/R TO ORBIT • MILLIONS LBS/YR

PAGE I'_0 INTENTIONALLYBLANK 171
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SCE Requirements

• Vehicle Needed in Fleet ASAP - 1992/] 993

- Space Station Assembly & Logistics
- Enhances Planetary Mission
- $T$ Offioading/Manifesting
- Leadership Initiatives
- Assured Access for Centaur Class Payloads
- Test Bed for Items such as ASRM, LRB, New Engines

• OMV Utilized For Payload Deployment/Placement

• Initial Vehicle Flies Expendable Core Used Engines - Refurbished SRB

• Flights - 2-4/Year

• Minimum Performance Required - 85K-220 n.mi. - 28.5 Deg.

• Auxiliary Propulsion for Cixcularization and Deorbit

• Payload Carrier Volume. Nominal 15'x60' with no Change in Current-

Attach Points (Orbizerto Booster)

• UnmannedVehicle- ManRated

• Launch Capability From ETR or WTR

• Payload Interchangeability BetweenSTS& $CE to beMaintained

SCE VEHICLE REQUIREMENTS
1993-2000
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SCE CONFIGURATION OPTIONS

LAItG| CAROOCOMP.

3 X ISM£
LARGE CARGOCOMP.

_AYLOAD ($1DEMOUNT)

3 ENGINES (109%') - 160K

2 ENGINES (100%) • 100K

CARGO BAN

15' X $0'

To
36' X _'

LARGk CARGOCOMP.

VEHICLE SELECTION

SCE COFIGURATIONS

SlDEM:XJ_

l! * STANDARO SR8

• STANDARD ET

• STANDARO.'MOOFIED ORSfflER BOATTAIL
• NEW PAYU3AD CARFIER
• STANOARD STS FUGHT ffIOFLE

• MINNd4ZEDFACILrW IMPACTS

N.ICE

• STANDARD SRB
• MOOIFIED El'

• NEW PAYLOADSHROUO.
PAYLOAD ADAPTER. THRUST STR.

• ET CARRtED TO ORBIT
• MOOIFIED FACILITIES

REQUIREMENTS

• NEEDEDASAP

• MINIMUM PERFORMANCE OF
8S KLB TO 220NMQS.S DEG

• P/L INTERCHANGABIUTY

WITH STS

• MINIMAL FACILITY IMPACTS

• MINIMUM GOING-IN COST

SCE CHOICE

• SIDEMOUNT

• 2 ENGINE
ORBITER
BOATrAIL

• 15' X 6O' BAY
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STS CARGO ELEMENT (SCE)
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t

t

t

s

t
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g

• STANDARD 4-SEGMENT SRB'S (REUSEABLE)

• STANDARD ET (EXPENDABLE)

• ORBITER BOAT'rAIL (EXPENDABLE)

- 2 $SME's (Remove $SME #1)
- Remove Verticle Stabilizer
- Remove Body Flap
- Cap SSME #1 Feedlines
- OMS Pods (Do Not Install OME's, RC5 Tanks And 4 RCS Thrusters/Pod)
- RCS Perfmms Circularizarion And Deorbit
- Cover And Thenmlly Protect SSME #1 Opening

• PAYLOAD CARRIER (EXPENDABLE)
- New Shrood/Strongback

$kin/Stringer/Ringframe Consmgtlon OrAl 2219
15' X 72' Useable Payload Space

- 15' X 60' Changeout On Pad Capability

• AVIONICS
- Uses Mature Design Components From STS And Other Applications
• Requires Some New Integration And Software

• PERFORMANCE- ErR . 160 NM/28.5" - 114 KLB
• 220 NM/28.5" - 109 KLB

v4'lm_

STS CARGO ELEMENT(SCE)
LAUNCH PROCESSIHG

OMRF/OPF
• |SME INSTALLATION
• SYSTEMS VERIFICATION
• OPTIONAL PAYLOAD

INSTALLATION

vAe

• Silo STACKIN G
• ET OPERATIONS/MATE
• SHROUDtPA MODULE.TO-ET MATE

• PAYLOAD CARRIER
• ORBITER IIOAlrI'AIL

174
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Martin's ALS Booster Design
Uses Multiple Strap-On Motors

By Bruce A. Smith

Los Angeles.-,._. The design Martin Marietta

is studying for the advanced launch sys-

tem (ALS) interim booster has a cryogen-
ic propellant central core vehicle with 4-
10 strap-on monolithic solid rocket
motors, depending on specific mission re-
quirements.

Martin Marietta program officials be-
lieve that the strap-on motors with one-

piece cases instead of the large segmented
designs used on the space shuttle and Ti-
tan booster will significantly decrease the

cost of the ALS and provide flexibility
becau_ of the range of solid rocket motor
thrust available.

Simp.ned Oes_n

LeRoy F. Nichalson, director of ad-
vanced programs for Martin Marietta As-
tronautics Co., said the motors would be

about 55 ft. long and 8 ft. in diameter.

The pair of large solid rocket motors for
the Titan 34D launcher, by comparison,
are 90 ft. long, 10 ft. in diameter and

produced in segments that are stacked at
the launch site to form a complete motor.

The Martin Marietta ALS motors---

which could be manufactured in large pro-

duction quantities with automated manu-
facturing systems to further reduce launch

system production costs--would be trans-
ported horizontally on a rail car to a

launch site essentially ready for use.
The motors also would have fixed ex-

haust nozzles to further simplify design
and production. Steering at liftoff would
be accomplished through four liquid pro-
pellantengines on the core vehicle,which
would produce about 35_ of the total

thrust of the vehicleat launch to provide

adequate steeringcontrol authority.
James W. McCown, vice presidentof

advanced programs for Martin Marietta

Astronautics Co., saidthe strap-onmotors

probably would burn for 65-70 sec. to

provide thrustthrough the period of maxi-

mum aerodynamic pressure.

The interim ALS vehiclewould be fully

expendable because of the design require-
merits posed by the reentry environment

and the time required to recover and re-
turn systems to the launch site, which
could slow processing for the next launch.

Core propulsion would be a liquid oxy-
gen/liquid hydrogen system that could
use space shuttle main engines during ini-
tiai ALS operations. Cost of shuttle main

engines for use on the expendable interim

Martin Marietta interim design concept for the advanced launch system (ALS) includes
monolithic strap-on solid rocket motors and a cryogenic-core, tirst-stage propulsion system.
The vehicle, which could be available in the early 1990s, would be capable of placing up to

| 25,000 Ib. of payload into low Earth orbit
176
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AL5 could be reduced by selecting en-
gines used on previous space shuttle mis-

sions and manufacturing" less costly
engines designed and built to expendable

engine specifications rather than multiple
missions for the shuttle program.

The core vehicle's liquid propellant en-
gines would be ignited initially on the
launch pad, similar to the space shuttle
launch sequence, to ensure the engines are
performing properly prior to ignition of
the strap-on motors. This would enable

launch officials to shut down the liquid
propulsion system and abort the mission if
a system, problem were detected.

Contra_ors

There are seven contractors working on
one-year advanced launch system design
study contracts from the Air Force,
Boeing Aerospace Co., General Dynamics
Space 5ystsems Div., Hughes Aircraft
Co., McDonnell Douglas Astronautics
Co., Rockwell International, USBI Boost-
er Production Co. and Martin Marietta.

The advanced launch system program is
aimed at reducing launch costs by a factor

of I0 with innovative concepts covering
the entire launch system.

The Air Force wants to have the ALS

available not later than 1998, but also
would like a partial capabifity, or interim
vehicle, available to significantly reduce
launch costs by 1993-94. The interim de-
sign-which could use some existing
launch vehicle systems---would be avail-
able in the event a decision were made by
1988 or 1989 to use the system for deploy-
ment of an initial strategic defense system
or deploy structures for the space station.

Initial Martin Marietta design for the
interim and the full-up ALS vehicle,
called the objective vehicle, would have a
common core, although there could be
some changes to the objective vehicle for
higher production rates.

The objective launcher could be a fly-
back booster with a liquid oxygen/hydro-
carbon--possibly methane--propulsion

system that would separate from the other
section of the launch systegfi at Mach 3
and glide back to Earth. The Mach 3

velocity was selected for staging the fly-
back booster because of the availability of
conventional materials capable of endur-
ing fuselage surface temperatures up to
that velocity.

With a Mach-3 separation, a _are alu-

minum alloy skin on the glide-back boost-
er would be able to accommodate short

duration peak temperatures below 300
deg. The return vehicle could have turbine
engines for a go-around capability, but the
Martin Marietta baseline design currently
does not include turbine engines.

A new launch facility would be devel-
oped for the interim and objective boost-
ers, with final assembly and checkout of

30 A_ ._x _ sp_c_ rE_OGrlS_UI_I_ 2_, iN7

the ALS at the launch site using a mini-

mum number, of groundcrew personnel.
The assemhl_ and checkout facility proba-

bly would be located near Vandenberg
AFB, Calif., since Vandenberg will be a
major launch site for the system.

In addition to the glide-back booster,
Martin is looking at an expendable object--"
five system similar to the interim vehicle.
The company is studying tradeoffs of pro-
jeered launch rates versus the added cost
of making a launcher partially reusable--

since a reusable system would have great-

er potential payoff at higher launch rates.

Martin Marietta favors a simple, less
costly, expendable vehicle, but is continu-
ing to look at both options. "We think it's
the most important trade," McCown said.

Another key issue is the tradeoff be-
tween cost and launcher reliability.
McCown said the additional cost to in.

crease the booster's success rate may be
worth the investment when viewed in

terms of systemwide cost resulting from a

launch failure---including the cost of lost
payloads and those associated with tempo.
rary halting of launch operations. He add-
ed that the cost of the actual launch

vehicle is only about 20-25% of the total

space system cost, including the payload.
Rocket engines are the area of greatest

potential savings for launch vehicles,
McCown said, adding that investments
should be made to tool for the production
of rocket engines in the same manner that
jet turbine engines are manufactured for
aircraft. McCown believes investing in de-
creased" production costs for rocket en.

gines is preferable to investing in vehicle
complexity for reusability.

Other significant vehicle savings are
possible by application of the latest com.
puter automation technology to launch
systems. There are significant gains to be
made in this area, McCown said, since,
until recently, expendable launch vehicles
were being phased out and it was not
feasible for manufacturers to consider

modernizing the vehicles with the latest

technology in automation. I"1
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6.8.1 BOEING STAS
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Recommended Architecture
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Recommended Arc hitecture
Secondary Cargo Vehicle
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Candidate Architectures
Life Cycle Costs
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Launch Vehicle Cost Per Flig
4V_D',f'/,4,'dg" i

SM
(burdened)

,oot
::L
40

20

0

["-'] MCS

Ground operations i 251

D Refurbish hardware 1231

i Expendable hardware

RFLY-PPA RFLY-ROI RFLY-PPA-B

Launch vehicle

Launch Vehicle Costing
Groundrules and Assumptions

i i
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ECON-ECON PSRB-PPA

• Constanl 1986 dollars

• Costs include 39% program burden (except for govl lurnlahed costs)

• DDT&E includes 3 flight tsste over one year for psrt|sily/lully reusable
vehicles and two Iliohl tests over six months for expendable vehicles

• Relurbishmenl hardware for winged vehicles is priced Id 1/2"; of the TFU

• Refurbishment hardware for the recovery modules Is priced at 2% el the TFU

• 05% learning curve used for sspendable hardware

• 90% learning curve used for reusable hardware

• Achitecture S assumes that the manned orblier (ROI) and recovery
module (PPA) have common engines as well as sharing i common
fly beck booster (RFLY). The developmenl cosls for the engines and
RFLY =re included with the RFLY.PRA.

M COSTS are ml_esenled in co_tstant 1986 dol_s and irckJde _ 39% wfllpam, Jr_l laclm lot Pn)OranVGovernnwni suppo_l. I_OJit and

managemenl reserve (excepl lot 9ovemmenl I_rovtded COsls). The rdandard lesl Wogram lector set gunned in me 5TA5 Omundrules

ufxts_e has been mcorporaled in out' couh0 pl_losophy. Our vehicle developmenl cosls mck_ 3 ecl_valeN sets o_ haimvare lot lully

and I:_rl_ally feusaJ_u veh_,k_s and 2 equivakN sets k_' expendabJe veh_,les The COsts Ioc 3 flight lesls lot reusaJ_e veh_Jes over 1 yew

2 Ikohl tests lot exp_ndablt_ vel,cl_s over 6 mordhs have been accounled lOT in the vehicle develOpmenl costs. 50"/. of the

Theotebcal FerM Urul (TFU) has also been added Io vehicJe develofm_nl _ relu4_ishnvml el the Iliad iesl vehicle. To accoulv lot Ihe

cos! assr._alud wllh haro_ware comlponenl replacernenl clue to norrnaJ weeroul, we've _ t12% el the TFU lot the v_nOed vel_cles

(RFLY anti ROI) and 2"/. el Ihe TFU lot Ills recovery moClulc In our production ¢o5i$ we've asr,,umecl Ihal the e=pendab_har01ware

ek;n_r_ _ch as the co_e tanks and lasting thai go wdh Ihe recovery ii_le, |o_Jow an 85% learrvll 0 r..&_va End reuse_ h_rd, waro 64,1chI_

tll_ R| t Y and I_(Ovt_ry nlD4_l_ IoIk_w a 90"/. keaflvn O c_rvu FoiiuvwrQ an 8_% _ar.mg curve means it i_ Msl ural COrds $1001d. the

se:c_nd wdl cosl U5% of iI o_ _SkA. and Ihe Iodh wiH be 85% of Ihe sucond or $72 25. and so on Wdh e Meek an I_Od_lion el moee Ihan •

y,-ar lee dr,y OI lhe vut.ck_s, the rm=l u_t p_oOucuc'l Is assun_d Io L_ equ_valonl Io the 7| U. II_us subsequenl unds are cosied Jts il they

185
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New Technology Prioritization
Recommend Architeture

• Enabling technologies

1. Advanced LOX/HC engine ")
2. Reusable LH 2 tankage and Insulation
3. Actuator system for CCV
4. Menauverlng terminal decelerators

• Enhanclng technologles

1. Built-In test

2. Automated data management system
3. Low cost expendable cryogenic tanks

(AL-LI application)
4. Mulllbody ascent CFD
5. Aulomaled test and Inspection
6. Lightweight malerlals for primary

structure (graphila composite fairing)
7. Accelerated loads cycle
8. Advanced TPS

9. Advanced fault-tolerant computers
10. Automated transfer end handling
11. Centralized, secure data base management system
12. Computer aided software development
13. Expert systems (for flight planning,

payload Integration, etc.)
14. Advanced maneuvering propulsion
15. Autonomy and adaptive GN&C

Enhancing total

57

benefit
(MS)

28700

2617
1898
2055

58
1454

929

247
218
106
830

5413
2225
5775

46
716

,,mmmgma,

24817

Delta PV
($M)

10819

911
7O9
779

58
498
332

48
59
30

227
1427

552
1374

16
43

ammm

7417

&POK/NO m

(.i,)

nmmmlmmm

Always
positive
return

140
115
104

69
61
34

19:5
16
15.5
15
13.5
12.5
11.5

11.5
6

34-2754

Launch Facilities
L II I

Facility

Launch pad

Cenler core processing facility

Tank processing facility (ECON-ECON)

Large payload IntegraUon facility cell

Payload integration facility (RFLY-ROI) cell

Stacking and Integration cell

Booster processing facility

Orbiter processing facility

PIA module recovery facility

Booster/orbiter recovery facility

Firing room (launch processing system)

Mobile launcher platform

Crawler transporter

OTS Processing facility

Number
of

units

3

2

1

2

1

2

2

1

1

1

5

3

2

2

51

WTR

Facility

capability
(flights/year),

52

26

12

36

16

30

50

15

260

Number
of

units
n

4

1

1

1

3

4

3

3

1

ETR

Facility
capability

(fll_lhtslyeer)

72

13

12

18

48

60

75

45

260

130

48

36

68

24

1 130

8 75

5 60

2 66

2 24
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Conclusions
4FOL='/NO m

• Existing systems:
• Cannot perform the most critical 15% of the mission model
• Are the highest cost approach

• Do not provide assured access
• Require very extensive facilities

• Recommended architecture features:

• STS phased out by 2003
• Fully reusable, small (49K), STS II
• Primary cargo vehicle is partially reusable with flyback booster (80K)
• STS II and primary cargo vehicle share flyback booster

• Secondary cargo vehicle (82K)
Manned assured access capsule (launched by cargo vehicle) "

• One cryogenic and one storable orbit transfer system
• Assured access mission control systems

• Recommended architecture benefits:

• Meets all mission requirements Including assured access
• Vehicles have high reliability features

• Highly flexible; readily extendible to, e.g., SDI deployment
• Highest score on resiliency, operational availability, environmental

acceptability, etc.
• Lowest cost 59

3_-2_1

Recommendations

• Introduce flyback booster cargo vehicle by at least 1995

• Early Introduction benefits:
- Early cost payback
-Avoids STS build-up

• Replace STS with fully reusable two-stage STS II

• Keep cost down by using cargo vehicle flyback booster
(backed up for assured access)

• Begin supporting technology program

61
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RFLY-ROI Configuration
,Jp47,C='IAI,'_'

143

CharlcledStle

Total Idealvt,kx:ity

Numbero_er_es
Typetpmpellants
Rated thrust
ISP
MIxlum ratio
Chamberpressure
Weight

RFLYbooster ROI Orbiter

2,020,000
49,000

1,272,730 698.349
1,058,565 581,279

204o165 117,070
11,404 18,737

30,141

5
G.G. - LO2_IC

425,5KI483.3K
358.55
• 3.35
4000
4200

3
G.G.- LO2q.H2

161.4W273.3K
467

6

45O0

RFLY-ROI CONFIGURATION

The RFLY-ROI is a manned/return vehicle system featuring a reusable flybeck booster and a reusable winged
orbiter. The booster and core engines mn in paraliel during the boost phase. With a gross lift-off weight of
2,020,000 I_s, this system is capable of placing 49,000 itm in a 150 nautical mile circular orbit.

The RFLY booster is the same booster as that used for the recommended RFLY-PPA system: reler there for more
details.

The ROI is designed to carry a Iwo.man crew in a cabin located in the nose of the vehicle. Accommodalions for
larger crew sizes, if necessary, am achievable via kits located in the payload bay.

The propulsion system for the ROt consists of three new, high chamber presSure, gas generater cycle LO2/LH2
engines incorporating a variable expansion ratio nozzle. These are the same engines described for the PPA core
vehicle on the recommended RFLY-PPA.

The ROI orbiter fealures an alumlnum-tlhium LO2 lank and for structural and thermal control reasons, a lilanium

sandwich - constructed LH2 lank Advanced high temperature graphite composite materials will comprise the
majority of Ihe ROI body structure and wings. The potenllal strength and weight properlies of composites make
them an attractive oplion Ior a 2000 timeframe vehicle based on pedormance and cost considerations.

Thermal protection for the od_ter is accomplished with edvarced reusal_e surface insulation. Durable, low
mainlenance ceramic tiles will protect the high lemperalure windward suriaces. Flexible insulation blanket will be
used for the lower heating areas•

Like the RFLY booster, high laull tolerance and increased redundancy are the key leatures of the ROI avionics
subsystem.

Aerodynan_ally, the orbiter is configured in much the same lashion as the RFLY; like the RFLY, it's designed as a
control conligured vehicle A forward deployable canard is provided for trim control for the subsonic pedion of
fhghl In add;lion Io the canard, wing tiplels and aerodynamic control surfaces help to minimize the size el the
wings.
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ECON-ECON Cargo Vehicle

/_
Expendablepayload_
falrbg
• 25' X 75' payload

nelope

Expendable LO2/LH 2 .__

secu_=age
• Srmllar to S-2

Expendable LO2/FIP-1

first stage

• Similar to SI-C
.,- .,,.%

GLOW

Payload

,lll'a_'_rJAY_P ' I

Deskjneplxoach
• Lowest DDT&E cost

• _ propulsbn
• Lowriskprovendesign

• Improved oost_(mnd, reflability

compared (o current ELVs

Design features

• 1995 IOC.minimaldsk

• Saturn V maJn engines, configuration

=.cqX
• Current state,of-the-art fightweight

structures

• Fauit4olerant avionics with Increasesd

bugt-in test

• Payload fairing and stage airframes

designed for automated production

2,348,800

81,600

145

ECON-ECON CARGO VEHICLE

The ECON-ECON vehicle is a conventionally designed fully expendal:de launch vehicle using the exZslJng Saturn

V first and second stage engines Achieving a minimal front-end (DOT&E) cost is the foren_ des_Qn 0¢_.. v4' :

lot t_s vehicle concepl. Th/s goaJ is Io be accon'_/sh.ed by using exis_ng propulsion elemenls, and imp/erasing

a tow technical risk, fully expendable proven design approach.

Another design goal for tics vehicle is to irnl_'ove ils Post per pOund ar¢l reiabilily values compared to ¢un'e_

expendable taunch vehicles. The means for auaining this goal are to be found in the use ol faun Ioferard avionics

with inr.Jeased I:xJill-intest capabiSty, and by employing a conventional slate of the sit ightweight aidran'_ _n.

To _ in the redocSon of manufacturing (recurring) CO_lS, the payload faidng and 5rot and second _ 8Jdrames

are designed to acconuTmdale automated production processes. The goals and design feature described for Ibis

vehicle present a low risk option for a 1995 IOC dale.

189
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ECON-ECON Configuration
3-6.2726

II I I I II I I

I _!39,1

i_ l= "' /,=, r'4"I"!,1! k +++:+'I"

._47h'TAY_"
-- Ao'v_r.,_ compoWmdrybaysuuctur_

_Qar, Im_ - both

Hit-oil wlighl
Paykadw_m

Total stageweighl
Osauo_
lewzwe_ghl
kJealvdodiy della

Type/propellanll
Rated thrust
ISP
Mixtureratio

Chambepressure
Weight

Rrst s_ge

1,925,370
1,781,066
144,304

9358

2

F.I - L02 IRP-1
lSPP_1748K

3O4
2.27
982

19,520

,_ sage

2,348,820
81,600

319,632
281,527
38,105
21,431

30,789

1

J-2S- LO2/LH 2
/265K
436
5.5
HA

3800
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ECON-ECON CONFIGURATION

The ECON-ECON vehicle is a conven_naUy designed fully expendable c=go vehicle wilh fu'st and second s_age

des_ns sbnilal to Salum SI-C and S-2 designs, respeclJvely. Wilh a _ross Mghl-ofl weight of 2.348.820 pounds,

tl_S vehk_Jeis capable of I_r_ about 81,600 lids into low earth odor. As inked from its inMnecontiguralkm,

is a sedes bum veldde.

• The fir= stage propulsion syslem is totalised of lwo LO2/RP-I burning FIt engines. This is an e=isllng angina
"l

as ort_naUy used on the Salum V. The two F_engines procluce a tolal sea level th .reStd 3,044,000 I1_. At ill-Oil
''2,-

this results in a thtust/wei0ht raZJoot 1.296. The second stage is powered by a tingle J_S L_JLH2 engine, which

is an upgrade of the existing J-2 engine. This engine is capable o1 deivedng 265,000 8_1. _ vacuum thmsl.

AJl the propellant tanks are constructed of 2219 alun'_num; automated progkction methods are expected.lo

_rJn_ze their rnanufactudn 0 cosls. Slmctural|y, advanced compo_tes have been selected for the drybays, and a

ring-stiffened graphite/epoxy composite for this payload lainnG; this represenls a Mghlwelght approach and the

technology assodaled _th il presents no major prol;dems for Ihe anlicipaled IOC date. The faidng on this ooncel_

provides for a 25 tl x 75 It payload envelope.

S_tlle external lank spray.on loam insulalion (SOFI) is used over the second stage LH2 lark.age. In add;lion,

+_,_tlve-type insulalion is employed in locally "hot" regions. The first slage does not require an insulation beyond

a base heal shield necessary to prelect against plume heating effects.
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PSRB-PPA Cargo Vehicle

v_om-_e Wq_-v
lvb_k:smo¢U,
• Ricover_I
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. • ==• Uoo_ca_e=c_etls_ng
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• I._ dskdNl_
• I.=wmsl_euxl

.___.,, * __com

_ SRB$ • Recowmble tx_stmk

_ sTsSRM Iwctw=m

,,,,w
li !.-,-I

" Impact • 1995 IOC• low dSk

"S_orc_nd • ri_io_incvk_cs

Ixdff/rl test

dessgr_d_ Icmcost
tedp,_cam

= Impm_l_ckllSSME
• IncreasedI_ mducecl
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PSRB-PPA CARGO VEHICLE

The PSRB-PPA is a papally reusable Cargo vehicle with Solid Rocket BooMers, expendable core lankage, and a

reusable Propulsion/Avionics module (P/A module). This vehicle is cosl compelilive because of its low

development cost, moderate recurring costs due to the recovery and reuse of high cost components, and use ol

a new fault tolerant avior_cs system which conl_uies to a high ndssion success and recovery relat_lly.

Low Design and Developmenl (DDTAE) cosls result Irom the use o_ modlf_l exisling propulsion elements and

the vehicle's relalively low dsk design. These fealures also enab;e a 1995 IOC dale.

Recovery oi the engines and avionics, both high cost leverage Ilems on the core Slage, is the lunclion ol the PIA

module. The PIA module, along v_th the recovery ol the solid rockel boosler casings, will help Io lower the cosl-

per-po_Jnd lot Ihis vehicle.
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PSRB-PPA Configuration
3-6-2726

AI'd_'_"JN4P'

PSflBboosters PPACore

3,361,549
102,500

'Total$_e _oht 2,002,346 !,_0,594
i _ 1,686,704 1,117,719
Inerlwe_ht 315,642 112975
Idealvelocity_ 822D 23°022

T_ ideal_ly 31,251

l'ype/Wopellanls
RabidIllnlil
ISP
MIxlureroUo
Chonmrixessue
Weight

2
_ SRBs_.

Ave_-1._3 x10o
267
NA
NA

Sleabo_

2
BockUSSM£

/470K
452.6

|
3000
7000
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PSRB-PPACONFIGURATION

The PSRB.PPA is a pa_aUy reusal_ cargovehicle_lh twosold ro(:_ booster,expendablecote tankage,and a

reusablePropulsion/Avionics(P/A) module. The P/A module,coretanka0e, and payloadlabingare ai configured

lot t_ghpadonnance and easy inleoration. Witha _oss tilt-oil we_ht el 3,361,,54916,the vehicleis capal_

el uansporSngl02,500 Ibsel payload to a 150 nauticalmiledrcular ozbit. Boththe SRB'sarid the core stageIbe

thab"engines dunngthe paraJlelburnboostpha_.

The said rocket booslersused are a versionel the STS sold booster;payload requirementsdictatedthe use el a

thme-segmen;solid insteado| the exislJngtour-segmenl Shuttle sold. Inaddition, the solid rockelmotor

selected have departedfromthe STS SRM coNigura_n by tncoq)Orddngfeatures Io reduce manulaclunng(ost

and to reduce HCf contaminan_in the exhausti_'oducls. Cos_savingsare realizedby _5_ a conlinuous

mixin0and paudnQWocess. This leature substantiallyreducesthe dineand labor involvedin pmpaganl

al_dthe groundoparalionsassociatedwith segrnenlslacking.

The ma_nenginechosen Ior the core vehicJeis a redesignedblockII indepandenlversionel the SSME. This

enoine incorporatesa completelyradesi0ned pawerhead to provideimprovedlile and mainlenance. Th_ en0ine

ma_nlaJnsthe same phyr:,_caland lurlclional inledacesas the SSME and hasessenSallythe.same performance.

Both the COreptopaltanttanksare _lr_ed ¢ 2219 aJuminum;automated woducdon methodsare expacled

tOrr,nimizetheirmanulacluringcost. Structurally,advancedcompo_;teshave been selected,lot the drybay

re0ions,ar_ a ring-stiilened graphite/epoxycompositeforthe payloadlaJring.The laidn0providesfora 25 flby

75 h payload envelope.
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Alternate Architecture

RFLv.pPA Cargo  'ehicle

hrtlany _

;2, • Mninm cos_x_
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2,127,500
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5

|
|
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!

!
t

{
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3

|

i

Recommended Architecture

Enabling Technologies
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6.8.2 GENERAL DYNAMICS
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6.8.2 G_]]gRkL DYNAI_CS STAS

VEHICLE FAMILIES INITIALLY
-In 615 Architectures

ANALYZED
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CANDIDATE LAUNCH VEHICLES

Ill NlilIAI,. C_fN&MICS

1. SHUi"Tt.E tl. F'3. F-13. F-17 RLV-SS-2 30 K,'30 K 15D X 451.

1WOSTAGE RLV-55-t _S K_S K 1SD X 8SL

RLV-6S-1 _ K_S K 150 X $5L

RLV-SS-3 ,IS IO4S K 150 X

2. _IUTTLE II. F4 RLV-_S-$ :10 K/3O K ISD X 45L

8iNGLE STAGE RLV-2S.4 (VMRE} :10 1(/30 K 150 X 4SL
/

3, HYPERSONIC F-l| RLV-IIS-2 40 Wdl0 K 150 X II01,

NI:mREAlI-IER

4. 80_ W_PAM F-,1. F-_. F-16 RELV4_S-3 (IS K/0 1SO X 601.

RELV.SH-5 131} K_ _D X

RELV-_.6 1113 lU0 1SO X I)0L

F-135 EXP_ CORE.

FLYBACK

BOOSTER

6. NEW ELV.

SRMm

F-f7

RELV-I_H-_I).(4)

RELV-i_H-|(1).(4)

RELV-i_H-I(6)

RELV-12H-i(2).(8)

RELV.7H-O{4),-_3)
ELV-f2H-t(t|

ELV-12H-4(1)

ELV-t2H-2(i).(4)

ELV.ISH-I(2)

171(/0

130 K_

150 KA)

tB3 lU0

tSS

O7 100

11S K_

141) K_

7. UNMANNED P&

RETURN TBD RELV-t6S-1 40 W40 K

O, MANNED OL_)ER TBD RELV-i|S.1 10 Wt0K

1SD X 60(.

15D X 60L

25D X 00L

. 2SD X 801.

2SO X 0Or.

150 X 60L

150 X 10L

150 X 454.

II0 X I_.

PAOI_I_ (.,' INTENTIONALLYBLANX



GENERAl. DYNAMICS

S_¢. $vse,_.= G.,,_s._,

RECOMMENDED ARCHITECTURE 1995 - 2020
/.

1985 1,90 1995 2000--2005 2010 20,5

,,_,o.,_,, ,,,,,,,,,,,_,,,,,,, .,,_.,.,., "_'o_,"I._,oAo II Illi11111_lli-_ ,,k-IIll_"r&.=.o.=_=,o.

.... I

......... ,_c..o_o_ " / I
" " i .... _- - [ I:-.__ 1......._...............1..............]..........,........._.__

=-IPR.$

RECOMMENDED
Transportion System Segment

ARCHITECTURE 1995-2020

FOR MISSION MODELS 1+1& 2+11
• EXISTING VEHICLES

- STS TO 2010- TITAN IV, MLV, AND OMV AS REQUIRED

• NEW VEHICLES

26 FT DIA 26x86 _ _ .
EXPENDABLE -----'_ -

CORE

SMALL SOLIDS
NO PIA MODULE

ELV/LCEE UNMANNED ELV/FBB
25-115K GLIDER 130K

ENG. OUT CAP. 40K/40K FBB-LOX/HC- NXF
WITH SCAR 1997 ENG. OUT CAP.

1995 1' 1998/1999
i i

ADDED FOR MISSION MODEL 3+IV'
AS REQUIRED

14

198

D NEW DEVELOPMENT

* GROWTH OPTIONS- IOC FLEXIBLE

** ASSURED ACCESS TO SPACE

1" 1999 IF 1993 SSME VERSION VEHICLE AVAILABLE

==._.=N__=._...A_L.._N__.A.Mt¢__
,,_ur,= $r=mm= _

ROW
2002

!

I-_ =l
||

h !

300K
2 FBB
2002

!-35= 150

STS II _LI_I[

65K/65K
FBB/WXF

ENG. OUT CAP
2005

HYP/VB
40K/40K

AFTER 2000

4B, IPR-5



LAUNCH VEHICLE

PAYLOAD SIZE, FT

WT- 28.5 ° x 150/150

28.5 =x 220/220

90.0 ° x 1501150

VEHICLE LENGTH, FT

GLOW

PROPULSION

ls! STAGE

2nd STAGE

ENGINE OUT CAPABILITY

CROSSI:EED

L V MISSION RELIABILITY

DDT ECOST,=M
_7_JNEW DEVELOPMENT

CONCEPTS
ELV/LCEE

25D x 60L

115 KIb"

112 Kit)"

102 KIb"

196

2.8 MIb

(12) Castor V

(4) 220 KIb LCEE

YES

NO

0.989

2249

ELVIFBB

25D x 60L

130 KIb"

126 KIb°

105 KIb"

1961175

2.9 MIb

(5)STBE

(4) 220 KIb LCEE

YES/YES

NO

0.993

0/8753

USING OTS WITH ISP = 320 SEC; MF ,, 0.8

15

GROUND OPERATIONS FEATURES

GENERAL DYNAMIC5

_,_e SVstewls Dewsm_

STS I!

15D x 85L

65 KIb

60 Kb

35 KIb

140/175

• 3.2 MIb

(5)STBE

(3) STME

YES/YES

YES

0.997

15,12710

g-IPR.5

I_|NERAL DYNAMIC|
Svsle,_s

AVERAGE
ANNUAL

OPERATIONS
COSTS
(IN $S)

2.5

1.5

.5

REFERENCE
i !

RECOMMENDED

ARCHITECTURE

19

KEYSTO MANPOWER REDUCTION

GROUND
• Ellicient,IntegratedFacilities

• AutomatedManagement& Control

• AutomatedTest And Checkout

• ReducedHazardousProcessing

• ReducedGround SupportEquipment

Y.FJ:tLCJ_ /

• LowMaintenanceThermal Protection

• Built-in-testOnAll Subsytems

• ElectromechanicalVersus Hydraulics

• PayloadSlandardizationI Containerization

• ImprovedAccessibility& Modularization

• Reliable,LongLite Components

I2A.IPR-$

199



GENERAL OYNAMICS

VEHICLE TECHNOLOGY
VEHICLE TYPE

FULLY REUSABLE
MANNED ORBITER
IOC - 20O5

FULLY REUSABLE
FLYBACK BOOSTER
IOC - 199g

HYPERSONIC
AIRBREATHER
IOC - AFTER 2000

SDV WITH PROPUU
AVIONICS MODULE
IOC - t 995

EXPENDABLE CORE
(FLYBACK BOOSTER)
_X3- 1999

EXPENDABLE LAUNCH
VEHICLE (STRAP-ON SRMs)
IOC - 1999

SINGLE STAGE TO
OR81T
IOC - 2005

MANNED
GLIDER
IOC - 2005

SUMMARY
BASELINE

CARBON-CARBON HOT STRUCTURE;
LiAI TANKS; LO2/I.H20MS/RCS;
STME, 2-POS. NOZZLE; EM TVC

MACH 6 STAGING; HEATSiNK UAI
STRUCTURE & TANKS; O2/H2 RCS;
STBE (METHANE); EM TVC

USE GOVT.DEFINED VEHICLE

CONVENTIONAL AL STRUCTURE &
TANKS; SSME- t 006/,; HYDRAULIC TVC;
BI-PROP OMS & RCS; PREC. RECRY

LOW COST LLaJSTRUCTURE & TANKS
N2H4 RCS; LCEE; EM TVC; Pit. CIRC.
BY SMM; CORE DEORBIT BY SRM

SAME CORE AS ABOVE; CASTOR V
SRMs WI.TH FWC;
SSME- 100% --_ LCEE

CARBON-CARBON HOT STRUCTURE;

UAI TANKS; LO2/LH20MS/RCS; STBE
& STME, 2-POS. NOZZLE; EM TVC

CARBON-CARBON HOT STRUCTURE;
LO2/I.H20bis/RCS; EM TVC

TRADE STUDY ALTERNATIVES

CROSSFEED VS. NO CROSSFEED

(TS-116)

ALTERNATIVE FUELS (TS-103)
CROSSFEED VS. NO CROSSFEED

(TS-116)

NONE

NONE

ENGINE OUT (TS-113)
REUSABLE PAM (TS-114)
FIXED VS. 2-POS NOZZLE (TS-t 15)

ENGINE OUT (TS-f 13)

VMRE VS. STBE & STME (TS 105)

NONE

e0S-IPR-S

36

TECHNOLOGY

DISCIPLINE

AER(T
THERMO-
DYNAMICS

PROGRAM APPLICATIONS

APPLIED TECHNOLOGY

i AEROBRAKING

PRECISION RECOVERY

FLIGHT I ENTRY RESEARCH

LOX / HC ENGINES

IIIii_IIrI.I. u i ! .dr

._o_e Svseems Ok,;,,,_

PROPULSION
& POWER

STRUCTURES
& MATERIALS

AVIONICS

GROUND
& FUGHT -
OPERATIONS

ADVANCED LOX I H2 MAIN ENGINE

ADVANCED LOX I H20TV ENGINE

SRM IMPROVE I REPLACE

ADVANCED POWER SYSTEMS

EXPENDABLE TANKS & STRUCT

REUSABLE CRYOGEN TANKAGE

REUSABLE VEHICLE STRUCTURE

ADAPTIVE G N & C

FLIGHT MANAGMENT SYSTEMS

ADVANCED INFO PROCESSING

EXPERT SYSTEMS

AUTOMATED GROUND OPS

ORBITAL SERVICING I OPS

SBOTV OPERATIONS

AUTO SOFTWARE GENERATION
=1

LAUNCH FLYBACK
VEHICLE E]OOS_TER

X
X

X

X X

X

X X

X

X

X

X X

X X

X X

X X

X X

X

TRANSFER
VEHICLE

X

X

X

X

X

X

X

X

X

X

SHUI-rLE II
ORBITER.

X

X

X

X

61

200



TECHNOLOGY PAYOFF
Technology Leverage

DISCIPLINE

AERO-
THERMO-
DYNAMICS

PROPULSION
& POWER

STRUCTURES
& MATERIALS

AVIONICS

GROUND
& FLIGHT
OPERATIONS

APPLIED TECHNOLOGY

AEROBRAKING

PRECISION RECOVERY

LOX ! HC ENGINES

ADVANCED LOX / H2 MAIN ENGINE

ADVANCED LOX I H2 o'rv ENGINE

SRM IMPROVE / REPLACE

ADVANCED POWER SYSTEMS

EXPENDABLE TANKS & STRUCT

REUSABLE VEHICLE STRUCTURE

ADAPTIVE G N & C

FLIGHT MANAGEMENT SYSTEMS

ADVANCED INFO PROCESSING

EXPERT SYSTEMS

AUTOMATED'GROUND OPS

ORBITAL SERVICING / OPS

SBO'rV OPERATIONS

AUTO SOFTWARE GENERATION

GENERAl,. DYNAMIC ¢i

.._ece Svsre,'_s O,vr_qon

COMPARISON

: LEVERAGE
20, 10 30 40

i

m

II

71 9_'

/

LEVERAGE: NET BENEFIT DIVIDED BY COST OF DEVELOPING AND IMPLEMENTING A NEW TECHNOLOGY

119-1PR.S*MH

" 75

INTEGRATED TECHNOLOGY PLAN
CIIINIllqAI., DYNAMIC|

,,_¢_¢eSystems Owi_

Technology Program_,_
Aoolication

r" AdapdveG N& C

MuIli.palhFltghlM<Jml.SysL
Opera_ions
(All Vehicles) Adv. InformalkmProcessing

ExperlSymms
AutomatedGroundOps
Aulo SoflwareGenerallon

_r SRM Improve I Replace
Early I I
Launch _r_ Expendal_eTanks&Slrucl
Vehicle }|_I| AdvLOXI H2 Main Engine

PrecisionRecovery
Adv.Pow_"Syslem8

Flyback Booster Reusable Cryogen Tanka_

_. AdvancedReusableSlruct.
F.ghl I Enw Research

OrbilalSen_icingOpe_allonsAdvancedOTV Engines
Aero_'aklng

SBOTV
SBOW Operations

t''-'-_t Jr"_'"

Annual Total ($M)
Facility Total ($M)

Technology ReaDiness Milestones: V' ELV

).7 $.8 7.5 4.9 _ 13.0" 13.4_" 8,2 " i3.0 16.5 " 16.0_,':

_18.1"18.9 v 9,8 15.6 t9.9 Ig.2 '_" 93T::

__' 1,_" 1_._',_ , 3_.:"
)./ _.8'_1J't1_'18_'188; _8"_88"199 192_" 9._'F":

),31 2. _t, 3,2 4,0 _ 10.4 10.7 _" 8,5 10,4 13.3 12.8_ 62

1.2 7,§ 8.' '"_"--'[] _ I I 1 I.Z'...........................................'::"

5.5 _ 7.8 8.5" 6,8 _ 6.0 6.0 50 6.0 6.0 200 2,1.0 '_°'

======================================================......::.i'.,
_.Z 6.! 7,3 2.5 _ _4 6.3 ¥ 33 5;_ 6.6 6 4_ 3.1 _''''

*'*'o ..... ,*,' ,,, .... ,,,,o"_IJ.,,,',, ,.,
3.5" 9.2 18.7 38.7 $4.0 3_5.,3V20.0 310 13.3 8.4_4 01;_'"

_3 _.333.9 _31 41 _ zo_ '"

I I Io. ' 1oo,ooo_,ooo
J::

_._ _.0, 8.0 20.0 33.0 30,0 38,0, 12,0 &0 3.Or__ 3.O "::
1.0 3.0 3,0 3.0 6.0 g.O 9.0 g,0 9,0 3.Or 3.0

1.,..o',o.o'..o ".o :_o'.o'_o.o ",,.o ,o_':::::'.fill

41129 1:210 J162,1 82 I 54 I 32 t 10 J 8 I _ "

• Flyback Booster

PROGRAM
COST ($M)

107

147
187.
123
143

80
21

22
103
113

S4
64

242

322
380
150

60
230

107

2654
703

• Orbit Transfer Vehicle • Shuttle II Orbiter
I_I-IPR-S-_

76

1
2oz :
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=: |

S/_'c_' SV_SPnp,t Dn_mn

BOOSTER PROPELLANT TRADE STUDY

CH4

COMPARISON

• VEHICLE CHARACTERISTICS LH2

• MAIN ENGINES

- PROPELLANTS

- MIXTURE RATIO

- ISP VAC

• ABES

• DRY WEIGHT, LB

• PROPELLANT WT, LB

• STEP WT, LB

• ORBITER GROSS WT, LB

• VEHICLE GLOW, LB

• COST COMPARISON ('86 $)

• DDT&E 6.7 B

• PRODUCTION (6 UNITS) 5.5 B

• ETR LAUNCHES (388 FLTS) ° 12.7 B

• WTR LAUNCHES (69 FLTS) ° 8.3 B

• TOTAL INVESTMENT 12.1 B
L

• TOTAL RECURRING* 21.0 B

• TOTAL BOOSTER LCC ° 33.2 B

• INCLUDES STS II ORBITER RECURRING COSTS

RP-1

(7) SSME DERIV. (5) STBE (6) STBE

LO2/LH2 LO2/CH4/LH2 AUG LO2/RP-1

7.0 3.64 2.53

426 369 326

(14) CF-34 (12) CF-34 (12) CF-34

322 K 259 K 274 K

1.80 M 2.00 M 2.38 M

2.16 M 2.29 M 2.69 M

954 K 954 K 954 K

3.12 M 3.25 M 3.64 M

8.8 B

4.8 B

12.6 B

8.4 B

13.6 B

21.0 B

34.6 B

94

6.8 B

4.0 B

12.9 B

8.5B

10.8 B

21.4 B

32.2 B
71B.IF'R.S

SUMMARY OF MAJOR TRADE

Sys_ Oivlsi_s

STUDY RESULTS

TRADE STUDY PRIMARY FINDINGS

1. LAUNCH VEHICLE SIZING

2. TWO STAGE VS. SSTO

3. LOX/H2 VS LOX/HC BOOSTER
PROPELLANT

4. ENGINE OUT

5. EXPENDABLE CORE VS. PIA
MODULE

6. SPACE BASING/SPACE
PLATFORMS

7. HORIZONTAL VS VERTICAL
INTEGRATION

8. MISSION CONTROL BASING

SELECTED PAYLOAD SIZES
• STS II 65 K
• ELV 115 K
• ELV/FBB 130 K

TWO STAGE PREFERRED OVER SSTO

NO DECISION YET- MORE ANALYSIS NEEDED

ENGINE OUT CAPABILITY SELECTED

EXPENDABLE CORE SELECTED

EVOLUTION FROM EOTV (1995) TO SBOTV (2002)
RECOMMENDED.

VERTICAL INTEGRATION RECOMMENDED

PARTIALLY DISTRIBUTED RECOMMENDED

126
7SS-IPR-5
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" 6.8.3 HAR'I"IN STAS

ARCHITECTURE OVERVIEW

VEHICLE ELEMENT

if:+--SHUTTLEI

• SIo.lk, (_o

11TAN N

LCCi/

i _

• F_/_u_
wi UPRCV

"7 le_

GROUNO ELEMENT EU_T ELEM;NT

• _i_ _d ched._l
• _i_ . LCC&_o_

F..q_ _yl Ill d_

i : F_/, P#Ai/

_lylll

" All we_ltw op_ral_t
• F_li i i

li_izomal lliemlil#

• Lmle4 an-boaKI cJv,cka_
• LCCe _1_ bvl L_oaaded

COuwr.,n,,_ _.o,t e,S.qvem

* AL_maJiKi dal i hsrdq
• _v._ piing
• Eqxm I_ints lot ,_:r,w_ v
• Er4_md*_* i _o,_Jt k_

• lira I_db_
• Au*on_v,,d da_a handling

• E_l_n s_lerM IN _
• _GNiC i GPS 14:
• _ waMar_'_

• FI I lyim & I

_GN&C & GPS 14:

_ mOamzl

APPLIED TECHNOLOGIES

•
•

• ICNI_r._dIWFaouGP G

Mar_la_v_
Iv_anc_ edo l_c._PC

__i

RECOMMENDED ARCHITECTURE TRANSPORTATION SYSTEMS

vt _.UC_E _#_ _ 2000 2005 2010
I I I I I I i I i • I i i i i I

i1 i. i- + i .... i . i

SPcJrrLE 15OK " " ; '

li$',ll . . Jill , , _r , I

TItANNI I I " : 7 mill ," "_ i

125K GEO / t ( l i _, . "

,,,.- i++Fiii ! J",l,.k
LCCV/100K .. _,' ! i , i eoost#ir i

• I III II • i • '

• • l I l ;

, mi l I
P,.,,ui,_.r _. I _ l ! !

; i • ; i i
i • " l ; '
• , • : , , • ,.

_NTS

• Shuttle
- Ped. reducadto

pmdicled ivel

• Shuttle U

- LOX/HC 8oG._e(
- LOX,I-i20d_e_

• Tilan IV
- Ped. enhancad lot

12.5K b Io GEO.
45K Ib Io LEO

• LCCV

- C._owlh ex_

ca_ ve_
- igor, I_

tor UPFIi_V
- _<_lei' LSO's

• UPRCV

- LOX/HC 80osler

- BOOSli iitchnoiogy
common _ _ll
evokaion. Shugl II

E,;t'.: [_l,+i,;J_ [,'(Z._t | _i

PAGE _ o '_ INTENTIONALLYBt._NK
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DESIGN FEATURES AND TECHNOLOGIES -LCCV
i i

• ALL ELEMENTS ARE EXPENDABLE

• 2 STAGE CONFIGURATION USING LRB's

• 15' D. X 100' L. USABLE P/L BAY

PROPULSION

• ADVANCED HIGH PRESSURE ENGINES
USING LOX/I.H2 IN UPPER STG AND
LOX/CH4 IN LRB'$

• AL-L12090 TANKS WITH IMPROVED
SURFACE INSULATION

• MINIMAL USE OF PYROTECHNICS FOR
SEPARATION

• COMPOSITES USED FOR PC
FAIRING AND SECONDARY
STRUCTURES

• 2219 AND 2014 AL USED IN PRI-
MA.RY STRUCTURES

AVIONICS AND OI"HER

• MODULAR AVIONICS SYSTEM WITH
LIMITED ADAPTIVE GUIDANCE AND
CONTROL

• INERTIAL GUIDANCE ONLY

• UMBILICAL INTERFACE AT BASE OF VEHICLE

• "COCOON" TYPE OF P/t. CONTAINER

LCCV-LOW COST CARGO VEHICLE
I i

,--y

I

;- " -J -I
n

L__, -:1-°°1

. - ._ - -, - .|

178.8'

PROPEU.ANT TYPE

'I_a (V^C)

THRUST

NO. OF _K]INES

STAGE WT

PROPEU.ANT WT

INERT WT

MASS FRACTION

PAYLOAD

P/t, BAY DIM.

P/L SHROUD WT

BURN TYPE

GLOW

LC_V-100K

STAGE I STAGE 2

LOX/CH4 LOX/LH2

_3A 455.3

I._4M 394K

I 1

I_IM 239K

947K 221K

$8,8K 16.6K

.92 .92

100K

15' X 100'

21K

SERIES

1.37M

G_
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UPRCV-UNMANNED PARTIALLY REUSABLE CARGO VEHICLE
III

192.8'

)ROPELLANT TYPE

isp (VAC)

THRUST

NO. OF ENGINES

STAGE WT

PROPELLANT WT

INERT WT

VIASS FRACTION

PAYLOAD

P/L BAY DIM.

P/L SHROUD WT

BURN TYPE

GLOW

UPRCV-IOOK

STAGE I STAGE 2

LOX/CH4 LOX/t..H2

363.4 455.3

2,82M 394K

3 !

1.61M 258K*

1.45M 221K

166K 37.4K*

.90 .86

lOOK

15' X IOO'

21K

SERIES

| .99M

* INCLLIDES P/A MC)DIJI,E

DESIGN FEATURES AND TECHNOLOGIES - UPRCV

• ADVANCED, LONG-LIFE, HIGH PRESSURE
ENGINES USING LOYJLH2 iN UPPER STAGE
AND LOX/CH4 IN BOOSTER

• AL-L12090 MAIN TANKS WITH LONG*
LiFE INTERNAL INSULATION

• FLYBACK ENGINES FOR REUSABLE BOOSTER

• PIA MODULE HAS BUILT-IN OMSJRCS

• APS USES SAME PROPELLANTS AS MPS

STRUCTURES AND TPS

• COMPOSITE INTERTANK ON BOOSTER AND SOME
SECOND_,RY STRUCTURES. USE OF XD AND OTHER
SUPER ALLOYS IN PRIMARY STRUCTURE AND TPS

• AERO SURFACES ARE HOT/WARM STRUCTURES OF
COMPOSITES AND/OR ADVANCED ALLOYS

• METALLIC HONEYCOMB SANDWICH EXTERIOR PANELS
WITH INSULATION AND ACTIVE COOLING PROVIDE
DURABLE TPS

• PIA MODULE USES ACC FOR TPS

• COMPOSITE PAYLOAD FAIRING

• .r

AVIONICS

• AVIONICS PROVIDE ADAPTIVE GUIDANCE
AND CONTROL FOR AUTONOMOUS OPERATION
USING INERTIAL AND GPS

• FAULT-TOLERANT ELECTRICAL SYSTEMS

/

• UMBILICAL INTERFACES ARE AT BASE

• =ELECTROMECHANICAL SERVOS AND/OR UNITIZED HY-
.... DRAULICS FOR ACTUATORS

• BO_TER_AND PIA MODULE RETURN TO LAUNCH
SITE

• ON-BOARD EXPERT SYSTEMS (MINIMUM) 63
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STS II

/ ee

k

L
I-

178.8°

IG.,

PROPELLANT TYP[

Isp(VAC)

TIIRUST

NO. OF ENGINES

STAGE WT

PROPELLANT _rF

._-ET WT

MASS FRACTION

PAYLOAD

P/L BAY DIM.

P/L SHROUD WT

IBURN TYPE

GLOW

SI"SI1 - 40K

STAGE I STAGE 2

LOX/CII4 LOX/LH2

363.4 455,3

3.25M 749K

3 2

1.61M 641K

1.45M 482K

166K ISgK

.90 35

40K

15' X (_'

N/A

SERIES

2.29M

DESIGN FEATURES AND TECHNOLOGIES - STS II

• ADVANCED. LONG-LIFE. HIGH PRESSURE
ENGINES USING LOX/LH2 IN ORBITER
AND LOYJCH4 IN BOOSTER

• AL-Li 2090 MAIN TANKS WITH LONG-
LIFE INTERNAL INSULATION

• FLYBACK ENGINES FOR REUSABLE BOOSTER

• APS USES SAME PROPELLANTS AS MPS

STRUCTURES AND TPS

• COMPOSITE tNTERTANK ON BOOSTER AND SOME
SECONDARY STRUCTURES. USE OF"XD AND OTHER
SUPER AllOYS IN PRIMARY STRUCTURE AND TPS

• hERO SURFACES ARE HOT/WARM STRUCTURES OF
COMPOSITES AND/OR ADVANCED ALLOYS

• METALLIC HONEYCOMB SANDWICH EXTERIOR PANELS
WiTH INSULATION AND ACTIVE COOLING PROVIDE
DURABLE TPS

• MAIN ENGINES USED AS OMS IN ORBITER

t

• AVIONICS PROVIDE ADAPTIVE GUIDANCE
AND CONTROL FOR AUTONOMOUS OPERATION
USING INERTIAL AND GPS

• FAULT-TOLERANT ELECTRICAL SYSTEMS

• UMBILICAL INTERFACES ARE AT BASE

• ELECTROMECHANICAL SERVOS AND/OR UNITIZED HY-
DRAULICS FOR ACTUATORS

• ORBITER AND BOOSTER RETURN TO LAUNCH SITE

• ON-BOARD EXPERT SYSTEMS (EXTENDED)

[_;r; r; i l_i','__"_,'. i';]Lt ir_'_1
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QOQ •

geO

leg •

Q6g g

ie4 •

VER-I ICAL VS, HORIZONIAL CONCEPTS (REF) _'
m ,I

PRO VERTICAL

MAX UTILIZATION OF EXISTING FAr.ILl lIES

BEST WORKING r.ONDI1 IONS/PROTECTION OF PERSUNN[i., S[, VEHIr.L[ rR,tt WEATHER AND
CONTAMINATION

IN-PROCESS ADDS EASIER TO INSTALL

ADDITION OF DAPIP[R ARM (OR LIKE) WITHOUT I'RCR[AS[ IN PAD TIME

LESS 5[NSITIVE TO FACILITY REQUIREMENTS DUE TO CHANGE IN LAUNCH RATES

LESS VEHICLE DESIGN PROUL(HS (N[G. LOAD Pt[G ATTCH, TOW DOLLY ATTCH, LT£.)

LESS TACILITY DEVELOPMENT PROBLEHS

NOT APPEAR PRAr.TICAL TO DO PROP/HEr.H D/O AND FIAINT HORIZ

PAD NOT DRASTIr.ALLY DIFF[RENT FROM SATURN V/COULD INTERCHANGE IF REQ'D

VERT PROCESSING PROBLEMS WELL KNOWNIHURIZONTAL SPECULATIVE

6EST METHOD OIr r.lO IF ON-OOARU AUTOMOPIY BEGINS TO DE RELOCAT[D 10 GROUND (GSE) (GSE
CAN BE ON LUT AND MOT IMPAr.T PAD TIME)

• R[F: SPACE SHUTTLE [RI_CTION, MATING, AND TRANSPORTING STUDY,

JUN[ IO, IC)71
te APPL I[U TO KSC/AP(JLLQ FACILITE5 ONLY

tee TUIRflLD (JUT TO BE UAD A_SUflPTIUNS FOR 515 TINAL CONFIGURATION

VERTICAL VS. FIORIZONTAL CONCEPTS (REF) "

[[";_,IAO0!,

mm •

PRO U.(_._ONTAL (_R.[._ F__OJ_..L.Q.w_I:__I_(',__N _.W.SlIj.I.I_).

LOWER INTEGRATION BUILDING

LOWER INVESTMENT lfl TOW WAY VS. CRAWLERWAY
d

NO CRAWLER REQUIRED

DEBUGGING ERECTION NOT APPRECIABLE, IIORE TIME CONSUMING OR RISKY -
THAN NEW OPTIMIZED CRAWLERILUTIPADIVAIt

CREW SIZING MORE EFFICIENT

LESS FACILITY MOD RISK DUE TO VEHICI.E SIZE GROWTH/CONFIG CItANGE

FACILITIES COULD OE OPTIMIZED FOR SHUTTLE

• REF: SPACE SHUTTLE ERECTION, MATIN(;. AND TRANSPORTING S[UDY,

JUNE 20, 1071
*• COUI.D ALSO APPLY TO NEW YERIlCAL SITE

_..--,'_v: ,,/L _n. rz_ r_:J1_.j_ t"

r (,r. ".h_¢,
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TECHNOLOGY IMPACT MATRIX - STAS OVERVIEW

rECIINOLO(;Y ()PPOR'rUNITH_;
IN MAI.'_R DISCIPLINES

AEkOI"llERMODYNAMICS

Computalk:mal.FluidDynamics

Acrolhcrmod_namic.sDaiaR:,_e

Confi_ur'adonAnalysi_ Tools

Acrobra,killg

PWc,isionR,_covc_
PROPI_LSION/POWER

LOX/I-IC Engine
AdvancedLOX/ii2 En_irm

DualFud EaEinc

Adv',m_. I..OXJH20W Engine
Adv-__,,,:__.:4Fu¢lcon

GROUND
OPERATIONS

X

x
x
x

MISSION
OPERATIONS

I

x

VEIIICLE
DESIGN

x
x x

x
x

x
x
x
X

X X X
CryogenicFluid MgmL Expm=. X X

7 | I

AVIONICS

^dap6v¢GNx'C

Fli_h,[Minim.Syslem

^dv_,_,:d Info PI'_,-z,,jng/GPC
AUTO SOFI'WARE GEblERATION

^uLoSJWGcn. & Vcrific=d,m

l ] MAJORCO_I" REDUCTION POTENTIAL

MLL;I :)W|Pk $

TECHNOLOGY IMPACT MATRIX - STAS OVERVIEW (CONCLD)
|

gl Ig I

TECIINOLOGY OPPORTUNITIES
IN MAJOR DISCIPI.INES

STRUCTURES & MATERIALS

RcusablcC o cn'¢Tank
p,mivc (Cv_o) TPS

DeployableAcrobr_kc

,PJAMod,._ ShclVRccovcry

_S_-_-;,,,_
Li_hi Wu_liKhPcrf. Ma_'dals

Acro Assist Fit. Expm_.

W_tllrt _l--_-_¢f ULrlC$

GkO[JND & FLIGHT OPS -

AUTONOMOUS EXPERT SYS.

MLssion phnnLn| & Comrol
Chcckou__ L_nch

Condition MonitJScrviccJMainL

AUTOMATION & ROBOTICS

M,mulr_cmring , el

|:|,_id Mal_KCulcnl

GROUND
OPERATIONS

MISSION VEIIICLE
OPERATIONS DESIGN

l I= -- I : : I l

x x
"'" X X X

x

x

X

•,. , -: : 'X

X X

,., ;.

M^._K CO,STICEDUCrlON Iffl"ENTIAI.

ill.( ;1 _',all'K5

73

74
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MISSION DESTINATIONS (CIVIL il + DOD 2)

A - GEOSYNCHRONOUS AND NEAR-GEOSYNCHRONOUS
B - SPACE STATION ORBIT AND VICINITY
C - MID-INCLINATION RANGE, HIGH ALTITUDE (>1000NM)
D- MID-INCLINATION RANGE, LOW ALTITUDE (<IO00NM)
E - LOW-EARTH POLAR AND SUN-SYNCHRONOUS

0 ""

\ .. 0

,'> .'

, .,

O 10 10" IO a ie4 L"¢'. J kl s

At 11 [_ (tiM)

87

TOTAL LIFE CYCLE COST DISTRIBUTION
i

BII .-oT.., _ ,*_u_.,=

NIUI "OWN PMO0 J---'] ll.08m
.ooooo . 17] op, , ,,,.poMT

,ooooo

Oollr Rin e ALT I RIIGOMMEND ALT •

I0_
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ARCHITECTURE BENEFITS FROM APPLICATION OF ADVANCED
TECHNOLOGY

(';I_UN[') OPFRATIONS:

Appl_'-d_l _r Au_mOus ExpertSyMCms
m Vchi¢_ Ch_k_,, _k, S<_vicingand

AuuJS/W C_ocr,uon_ndVerif_ice

^dv_c_ lufo Pnxcs_inUGPC

P_dv¢ TPS

kt ISSICk_OPERATIC)N_:

App_ad_ oLF_ff.n Sy_¢m_m Miss_n
PImmmj",rodCoauoi aadC_mdidonMoai_'iq

/_l_odvc GN&C

/_lv_._l I_o Proccssi_VCRC

Aura_ Gm=-._an& Vcr_'w.aaan

Ril_luM_cmem Sy_

incrcau:dpmducdviPi._ ddll ¢qui_mmU
lmixow.dvcl_.k rams k,J'o,da_ m,mil_d,.maadur.ndanadydi
h_'rca_ vcbicksulonomy,educeduenu_oundI_me
Rr..ducr,d ¢0¢1_.improv,*,1_hr..dulinJbml_dIxubkm mpo¢_l¢

Rcd_xd _n,_,e a.._lopmem/ixod_ioa
Rcduc4_lpo4_i_df_ ly_:m etrotu,n:duccd_'lwa¢ ma_lCna_
Improvedco_di$_r,_, m;u_lccmr_

lnc_-_,,,ar..om_t_._d pcd'onnancc,_pabaky fo_c:pm sym_
ln_ovcd cb_koulCal)_ilily. rcd_ccdvchkk luma_und
I,_rovcd vcl_:k_uuu)nomy,flczib_lhy,aadfaullmlcra_.c

lncrca.wxl_oduClivirl, mliabiihyand_d'¢_yoi I_dng earl¢hcckoul
Lin_.d invcsmcmrcqubccl,am f_cuson appiicuio_ for qx::_'¢ mk_ .ow

Lo_ ..dn_ac¢ aKI rclu_bislu_ _ iml_ovedr_xdul_g and
vr,J_J__,a_d dm¢

Rzmabl¢Cl_oi_ Tankage

LOY,/HCEW,_

ImFmv_l vch_lc intonuadelunddamamm_ad_
I_:rca_:dvducl¢aulc_omy,fl¢lil_lily, and_figuradon ca_ilily
ln:_ovcd rc,am¢¢ mana_cn'¢.nl,r,l,tnda_cm_lcn_ _io_ Im_inlb

[k_:ma._e.dlevelo(dfon imrfli_l. _ IkiU I_l_n_al andIraini_ll

_,ha_¢d mbu,mt._ for adverr,e we.abet opcra_

i .m_ovcdo_m6_ml m_lh_._, _,_'i_c.d_andrrJ,_&uingdvad,on,a,ad

/acn:a_.dvcJuch:aulonomy.Jlcz_biUlyaed fmdl I_mca

_,,_p,o_,,,,k*_,:_k,_o.b_U,y,,_ _,,',_,_.lnmc_e com_,_ck_d pafomumce._Fen,yuem eap_ u.,y
l_Fo_tal _:_. a_omy, fltaibiiky

Rc,d_._l r,,_va_ dew--don cam
R_ polcmial for sysmmen_n. n:dvccdmhw_rc main_

co.dls_ man_

_0_,,:dop:r,_,_=_r_.i=_'y.WTx_."v_ . . .

Rc,ducr.dcondngeacypLwdnl a_i _ sy_w,m.w.o_|m'mo_

Rcd_..¢dcdi_mJ _ ©kme.ms,k_e,v,e pmd_.dvky
p.,_.,_m _or,,_j. i,-,_.o,p_e_,_r. d_._io_
Suppom upacc"ba_nllaad improvesrc:souer__nc_ml

R=ducedvckich=weighlamddze, hanlwamce_ uvta_
impmv_l v_iclc pmromum_us_Jtc_o tud_

Hilh dr,riskyfud _,lblc_ smaJl_r.I_ilhmr

Red_c_l f_xicatmlg comph:xilyand
P_luc_d maln_ c_u a_d_ne, ex_dcd r_rvi_ life

Elfi¢iem llyl_:k bootauandPIA moduk, w.usabk:luu'dw_c¢o61uvinls

V_ic_: ixod_don co, urine, aM .y_ems. paix:de._fanoq
]mWovcdK_dUimlb fl¢,;bilhy and_ I_plxxl

MU;I }_.,tPI_ $ llG
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IMPROVED GROUND PROCESSING AND MISSION OPERATIONS
WITH EXPERT SYSTEMS APPLICATIONS

I m

-I"ECIIN('_ CX]Y OVERVII-W

• _: Dcv..Iop m_dapply ¢xlxn sys,.-nm to IXfform-
]JJg]'.'c._=:iabi¢,routine I'ancticm_auton_lL"'-dly Ikcn:by
il_;¢d_inl; GW;M_r ¢l'ficirJIcy, produclivily mid n:ipo_¢
lab_r-inlci_iv¢ opcra;io_s _ checkout funclionlb [_ulting
in lig.ific_uuly lower opcr.aiAg ¢ou.s.

- JmlxuvJvchiclc sra(u_information and sclcc_im
- Apply cipcn _y_lcn_ to rapidly identify ixobknm told

provide solulions
- Pmvid_ incnca.v..dvchich: and _ys,.'m ammom_t .
- Rcducc launch md clcckout dependency on nun=on

opcraaions
- Reduce _;11 kv¢l _1 n_npowcr iavc_mcmcommilmcal

for condition monimci.g amdma_nlcnauc¢
- Pmvid¢ pcffo_ ¢¢nd _aJysis to ocd=rmaJn_manc¢
- Kcd_¢¢ c.¢¢_ o/higb-hcquctcy launch _s

• ,_:
- Pr.rfurm complete mission funcdo,naJ ",m_dysis
- Con.su'uclmJs_ion/syucm mod©l
- Acq,,urc appficadon_ of knowicdgc b_t_¢to convcn

to progr',muncd logic
- Dctcradnc pcrfoanmzc cap_biLid¢_ and develop

mamq_cm:_t _=chniqacs

()UAI .ITAT]VE TECltNOI.('X'W BENF.FIT

•Rcli¢v¢ human opcralo_ of w.Aiou=and line-consuming
• H_gkcr *¢li'=b_li,y I_d'onnan¢c by lower lkillcd W.atoM¢l
• |,nprovcd "anddn¢ly d_la a._h=_laliOn
• Imlxovcd p<r_onncl p_oduclivily, |uwcr opcralions co_
• C_ca:r vehicle autm_o;,*y and rcduccd vulnerability
• P._luccd vchiclc tu_J_l'o_d thin:

I II II I

TECHNOI._Y AS_E_MENT
• SlalC-Of-lhc.A_l:

- Ground _occssin£ Icchnology _<1 conccpl_ have bccn
dcvclopcd, but n_rc formr,_d application

- E_p_ syw.,m rm¢¢ex_futlyapplied on limi_A Kak in
¢omne_ial ind =m_/

. NASA, DoD and DARPA wo_ag todcfin¢ bo_ "sKlar_
mdd=v¢lopappk_dms

- No uaif_ingsumdasdsfor d=vciopmr.al, display ar,d iP.lcrfla:=
- Syslcrr= zr..ladvrJy sk)w; bigh _ o[ Imowlcd&c acquisition

• _isn:
- FIr_ibk mMu/'actmd_, v¢_ci¢ _r_,¢mbly
. S_l_yr,_m fauk isolaum and conm>l
- Aummw.d S_W d_w_

- Prolzllm_l loading, "hazardo_ olpcmdoa_
Vcbick um m_d ch_lmut

Miuio. 0_:

- Navi_adm, n¢ovcW and nK,,- managem=m
Mission ptam_g. ,yw.m a_dng and coaa_

. Medium sdcdulc md cost
- iacrua: h_symm_ple=ky mdimpact = real dine q_plicadon
- Mwa p'ovc ndialdlily of expert lyrm:ms in cs'h_cal applicalions

OUANTITATIVE BENEFITS ANALYSIS

• IRR: 34HI_*
* %LOC: "_*

• i.-vcra_: II*

*Basr.d on SDi _chitoclur¢ _mlyr_

MLGI:UVlPI(._

134

ADAPTIVE GUIDANCE, NAVIGATION & CONTROL (GN&C)
TECHNOLOGY PROGRAM

I II I

TF.CHNOI OGY OVERVIEW

• _: D=vclop GN&C aJgorilhnm wldch adapl IO
minion vati_bi_ by aulomadca_y .,Kljuumg_ in
_c=po_,_-m mca_rcdrmldr_ F.d'orma_tcr._ d=sk=d

- E[rlc_¢nt _ or"f_li vchick dcsiin ¢._vclol_
- Op_n_,,_l _ v¢_)t co_.ol

- O_n_m w.acd_n coauoi_ fuel "F.
- Au_y _ fiy_ngqua/_.;-'s cddcaJIo mt_
- Rcd_cd vehicle sys,,'n_ clcsign, _ and _ comm
. Low_ mission support cosU

l_.oa_r-u-- f_ult mitt, race in adaixiw ,y_mm_

• ],b'ndfy va_iablc_ foe adalXiOn symrJn cmn_nsati_
- Pdoridz_ variables

• Develop edgo_idl_ fu_ GN&C ix:rfomanc= w. ukuia
D¢_,im= vchkb: _r_.nV_ady Mac charac_

. Develop fu_ b,_ _inml_ux fo_cvaiuadm

O_UA[.rI'ATI VE TL:Ct {NOI _")G Y BENEFIT

• E.hanccd robuSt,_._sfur advcr_= wca_cr opcr,¢imm
• Iwprovc,dop¢ ralional Icadi,¢,-_,/rctar gr._ingo_ pad
• h_;rca._:d vci=kic aul_i.y, rcdm,:r.zJvulicJ'abilhy
• h,quuvc,Jll_ibkk:mJhmilaJ_,gpl_op¢_a(u_ul

I

i TF_.CHNOIJ_3Y ASSESSMENT

• Slal¢ -O(-lhc-Ai1:

- E=_J_r,i_ _ieh_ ee_dng con_c=d m aircraft
- Shu_ urcs simpk adapdv¢ _r& durLqg asr._ pha_
- IUS d_ign inclm:lcs Idmpic adaptive gu'"_m_
• Onboard digldal compm_r em,bics impicazmmim

Gro.ndOpuadom:
. Imp_rovcdrcad_.c_s, red.ted launch tumamuad dmc (20_)
V¢)dck Dcsign:
- bcrc,a_ i_yio_h:apabilily duo_gh.opdmJzed h_,elusage
.Rcduccd desist cordsthroughopl_mizr.d conmol df¢cm_rl
- IL_.,duccd_ and cJ¢¢ko_t Corm

Mi_simOpc,-_ns:
. _ p_cflight targeting cyd¢ dmado_ rdmulal_

acdvky (30%)
- lnc_.a_:d ndssk_ su¢c_ vnd_r va_l_ condi_n_ (40%)

• la_v m medium ,¢l'¢duk m,d tom

- Vchick dynamos _ Ix prcd_labi¢ wJlh_n _la_
MabiliPd limits

• IRR: 35%*
• %LCC:. <1%*
• Leverage: 21"

*baud *xl SDI arcidl¢clurc analysis

I

it,; _ r: • d(,:J_: r--[._t ,_,--"m

Ill ( ;JtL)JII'K S 13o
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LOXIHC ENGINE TECHNOLOGY

TFDI R,/OI.(X]Y OVER VIEW

• _: Develop rcu_blc, low maincnanc¢, low corn
_/_ginc_ for lw.a_ lib launch vchiclQ manll h,ydm-
ca_boa ixop_llami affording highcr &tinily. mqxovr,a
hm_lSni lind k_ cnvirom_al poiludo_

- l_v¢lopm_-comtmsdm¢haml_rforhighPc
opcr.mon

-Dcvclop ips-gcncri_r for r_kcr_l |IC fu_h
R_d*_.c high-pe_sur¢ pumptmrbomachind_ .
R=i_¢ co,_ of high-freqm_ncy 'h.nch ow.r_oas

- Dcdgn,,t,-vclop_ cv,*l-_,_mainin.j_zmfor4000PSI
gas-g_r_naor _/p_ ¢nl_inc

- i_k:rmini c,_" ll ,;Im'inllal:tr-"inil cyck and ©vaiml,.,"
ol_onli to mmunizc

- De..k:rmincc_il-¢ff_liv¢ pirovir,ioni for fuel iomr._li)
- Dufm¢ IF(rand pmc_silq] impicl ol"hyds_

_n

OUA I.nATIVE T£(_i NOI 2"RGYBENEFIT

* Dccrmiac ground proccssi.g impac* of HC boord_
• H_h _y fuel ¢J_blcs _mali_ vchicl_ _i_ Io

f_'illm_- ground h',mdling
• _¢d gd'¢ly ofprol_llani mmspoflafio_,handling

_xag¢
• Lower I_opclhnl ¢O_t_, higimr payiood capability
• J_.d,wed poJlui*Oh t,_Oilll.gil*¢dIO SRBI oil STS

t,11.ii1l,ltil,ll$

_ROGRAM

TECHNOLOGY ASSESSMENT

• Slalc-of-flc-Arc

. Hydrocirlxm eallilii ulld ilil_ boolicn and Al_lo

- ltr..*a_, lowm_d.*m_._,p.u_j*.d_m_=,_

• _i* ¢ommo_ Io I.JIJg/i-lZ Cagu_

Vddck [_ign:
- SmaUcr, lighi_r lank,, wid_ Idlllir dl_miP/furl
- Higher payload capabiliiy per pmmd ofdl 1 w¢igli
Oroa/Op:radoas:
- Ea"haw_i_mlc_yofixopdhu__ la_li

liad itmar_
. Saudkr _ hidli_ Itnmllld hiadliall

.liil
- Low io atati.m icllaluli and

- Cokinil _ high !_ openuioa i tchnical cilenlO
I_.rmino r._i-e..ff_¢liv¢ prov_ |a furl go)

_IANT]TATIVE BENEFITS ANALYSIS

* IRR: 9%*
* % LCC: 2qt*

• l_eral_: 2"

*Bl:d oa SDI amld*cClum mudyr_

13/,

SUMMARY OF TECHNOLOGY TRENDS AND FINDINGS

• TECHNOLOGY INVESTMENT MAKES SENSE

• APPLICATION OF NEW TECHNOLOGIES IS CRITICAL TO COST-EFFECTIVE
ACQUISITION AND OPERATION OF FUTURE TRANSPORTATION SYSTEMS

AUTOMATED EXPERT SYSTEMS PROBABLY SINGLE MOST IMPORTANT
TECHNOLOGY DEVELOPMENT

" PROVIDES IMPROVED EFFECTIVENESS FOR MANPOWER INTENSIVE TASKS
" ESSENTIAL TOOL TO SATISFY DEMANDS OF INCREASED LAUNCH RATES

ADVANCED PROPULSION AND MATERIALS TECHNOLOGIES WILL LOWER
INITIAL COSTS AND PROVIDE IMPROVED EFFICIENCY OF RECURRING
OPERATIONS

ADAPTIVE GN&C WITH A HIGH DEGREE OF FAULT TOLERANCE ARE VERY
IMPORTANT TO RELIABLE AUTONOMY, ROBUST OPERATIONS, AND RAPID
RESPONSE

MUST START AGRESSIVE TECHNOLOGY DEVELOPMENT PROGRAM WITH
LONG-TERM COMMITMENT NOW TO AVOID LOSS OF POTENTIAL SAVINGS
AND TECHNOLOGY LEADERSHIP

Ir. ; K;J i _ gt_.x ,: r;,JG-iZ.qk l d.;JI

1,;O
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FUTURE PAPERLESS PROCESSING SYSTEM

-----_ At BC=£ZJTOR SYS1i3d )

1
I , i _ . i

-_Glr,4_ £_C,_ -_ .I_SYSF_I .L_
_ ._ . i_A_5_I ._¥

-CCI_C.¢PATI(_I -DLO -TCTt lEO S_'TEM -RESUPPLY
• OL_RI_S - sPrd:_IALRF_PGRTS .IWENTORY

- (_P, SD / C_,AP -_]ION .WCI_KKES
• TCTII EO OPJG_ CCNIROL

J

-LPSI_
.1-P.Sl'b_
-SlW_
.INST. DATA BANK
- I_T^_ "

AND ANAL'Y5_

SL_LEVEL OFERATI_i N SYSff.W _ .... AU. _ _ IN _i S._ldEOPEFIA'rlNG B_WtC]_dEHT

ALL SYSTEMS HAVE CONTROLLED ACCESS AND MAINTENANCE TO A

COMMON DATA BASE

MA._ID0_t,_

155

FUTURE PAPERLESS PROCESSING SYSTEM

BENEFITS

• MANAGEMENT CONTROL

- EXACT _?.HEDULE STATUS - - AT N.L TIME_
- EXACT CONFICdJP.ATIONSTATU6 --AT ALLTIMES
- EXACT APPROVAL STATUS OF ALLWAD6
- EXACT STATUS OF ALLLOG_TICS 51.PPORT FOR EACHWAD
. OPTJARAMWOtW_OAD _ TO TI.E TEAM / f_.llfT LEVEL

RESULT IS - BEST PLANNING I SCHEDULING -. ) 95/, ACCURACY(GOAL)
- EfflCIFJ_IT U6E OF MN'dPOWER_ - - > _P&,LR'LIZAliON (GOAL)

• PROCEDURE DCX_UMENTATION

- kM_REEFFICIENT_RATIOI,6'ORJC.dNATION
- IMMEDIATE/CONCUFIRENT AVAiLABiLJTYFOR REVIEW/COMMENTIAPPFK)VAL8
- IEA_ER I QUICKER FIEVISK_4SAND UPDATING
• MAJOR REDUCTION IN BUlK PAPER

• PROCEDURE PERFORMANCE

. MORE EFFICIENT OPERATIONS
• REDUCTION IN OJT I_EC_IRF._ENTS
- ALLOWS MORE CROSS UTILIZATION OF PERSONNEL
- MAJOR REDUCTION IN PAPER _ING
. IkJPflOVEDSCHEIXJLiI_IRESOURC_. UTILIZATION

• MAJOR REDUCTION I ELIMINATION OF STATUS MEETINGS

- TOP MANAGEMENT WILL HAVE EXACT STATUS FOR DEC,_ MAKING
• M*'ETINC_ WILL BE MORE MANAC_MF.NT I DECISION ORIENTATED

$I A..._..O_

157
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PROPELLANT COSTS J'

III II I I I

PROPELLANT

I I I gI IIII

LIQUID I'lrTI_N[ (LCH4)

LIQUID PROPANE (L£3H8) • N,B.P.

LIQUID PROPANE (I, C3H8) SUB COOLED

LIQUID CIO(YG[N(I.02)

TURBOJ_ FUEL

Ltl2

_50

N204

SOLID

NZt14

• COSTSAS OFOCTOBER 198S .

_"b OP_ =PLs,,,'r_'w, 6._]l/a_")''-

I I II I II I I

OEL_VERED RErRI6ERATION _UV-TO-SELL TOTAL
COST $/LD COST $1La RATIO COST $1L8

III I I I I

• 118 , .103 I.I .243

• 18 .036 !.1 ,24

• 18 .SS I .I .26

•036 N/M 1.8 .063

.175 NIA 1.0 .176

2,0 - 1.2 2.4

6.0 - .I 6

2.75 - . I 2.7S

IO.O .I I0.0

I I I

-' C[X;STAOO 1.5

• kr
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VEHICLE SELECTION
I I I I • r i

>5_

_e

24,

20,

t6
tOO

IEI_,BE._MANCL _IJ_AC T_

! I

15,0 _)0

PERFORMANCE TO 2tL5 ".150 NM
(KLBS)

!

I

u cv. ,; =ag.1,1"i.==sta;.Pi^ -

UVXCV - Exp. With 2rid Stage PIA

UPXCV - Fly Back Boosler. 2rid Stage P/A

UEXCV - New All Expendable

UPRCV - Fly Back Boosler. 2rid Stage Exp

f MOST COST EFFECTIVE NEW SYSTEM HAS FLYBACK

• BOOSTER

CARGO VEHICLE SIZING CONSIDERATIONS
I

• MOST PAYLOADS ARE 15-FT DIAMETER (OR LESS)

• PAYLOADS EXCEEDING 15-FT DIAMETER ARE MODULARIZABLE

• DUAL COMPATIBILITY WITH SHUTTLE AND TITAN IS REQUIRED

• PAYLOADS SHOULD NOT BE DRIVEN TO EXCEED 15-FT DIAMETER

• CARGO BAY MUST EFFICIENTLY ACCOMMODATE tS-FT DIAMETER PAYLOADS

DEDICATED DOUBLE TRIPLE
CARRIER " CARRIER CARRIER

(15' DIA) (30' DIA) (33' DIA)
L

SUMMARY OF TRENDS/FINDINGS

• RETURN MISSION REQUIREMENTS ARE MAJOR DRIVER

• ADVANCED TECHNOLOGY APPLICATIONS REQUIRED FOR COST REDUCTION

• ASSURED ACCESS IS EXTREMELY COSTLY

• CARGO VEHICLE PAYLOAD ACCOMMODATION SHOULD BE 16' DIAMETER

• MANIFESTING CONSTRAINTS REPRESENT A MAJOR COST DRIVER

• BTS COSTS MUST BE REDUCED TO ALLOW NEW SYSTEM DEVELOPMENT

• SIGNIFICANT UP-FRONT INVESTMENT REQUIRED FOR SUBSTANTIAL
lil I Illl I

RECURRING COST REDUCTIONS
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6.8.4 RO4_C_BLL SYAS

A Full Range of Launch Vehicles Was Considered

LENGTH
IFll

LENGTH
le'1j

4OO

)SO

300

2O0

1SO

100

0
FIR-! FRR-3 FRR-S" FRR-4 PAR-! PRB-3 PRR.4 PRR-S

FULLYREUSABLE PARTIALLYREUSABLE
400 r'-

/ +HORIZONTAL TAKEOFF SYSTEMS
3sot- . **PAYLOAD 4e KLD

OOol.-I EXISTINGOR DERIVEDSYSTEMS]

STS SDLV T IV MLV

i NEWSYSTEMSI
• PAYLOAO -- 150 KLB

,k * 150-NMI CIRCULAR ORBIT

• |i.S OEG iNCLINATION

PRR-E ER-1 ER-3 Ell-4

", EXPENDABLE

Flockweil International

S_ Tiimpo_,ldSOl
Srstm fP4_m,l_

37SSVeDtSSD
E-I-8 S)

Launch Vehicle Architecture Allows Growth to
Meet Potential Future Needs

2-11 RECOMMENDED ARCHITECTURE

• EXISTING LVs

t '1
TITAN

MLV

SHUTTLE

CARGODELIVERY

• EXPENDABLE HLLV

CARGODELIVERY

100 KLBCAPABILITY

Rockwell Intemotlonll

J*_,ec• leompolt_
f'pite_,e _,4_

225

_.ATE 1990s TO POST-2000 GROWTH

0

FULLYREUSABLE
MANNEDVEHICLE

PARTIALLYREUSABLE
HLLV

150 KLDCAPABILITY



Launch Systems for
Recommended Architectures

_J_l e9 leo I 9, ] e_l - I " ! 9_I g__L9, 1 98] . 12oool2oo,12oo_120o31

STS

_ . NORMAL GROWTH

NEW CARGO VEHICLE EXPENDABLE _ /_ SOl

PARTIALLY REUSABLE

k Rockwell International
Ik_Ke Trnlmelalmm 4T1_19157111

Ikn_w,mD_m Tie
1J

Partially Reusable Launch Vehicle Characteristics

I
180 rl

_m

-:- 3g FT_'--'_--27 FT

Rockwell Intefnattonel

Ikmrt f, emlN_l_en

• ROCKWELL DESIGNATOR: PRR-6

• DESIGN FEATURES

• REUSABLE FIRST STAGE

• CRUISEBACK TO LAUNCH SITE

• LO21LC3HII PROPELLANTS
• NO CROSSFEED TO EXPENDABLE TANK

• AIU TANKAGE/STRUCTURE

• 4 ENGINES AT 190 KLD THRUST (SL)

• REUSABLE P/A MODULE

• SEMI-BALLISTIC RETURN

• PARACHUTE OR PARAFOIL RECOVERY

• AJLt STRUCTURE
• ACCISiC BLANKET TPS " "

• 3 ENGINES AT 280 KLR THRUST (VAC)

• EXPENDABLE TANK & SHROUD

• AIU TANK/STRUCTURE

• L021LH 2 PROPELLANTS
• 33 FT X SS FT SHROUD

• MASS CHARACTERISTICS

• GROSS: 2,550 KLD

• PROPELLANT: 2.194 KLII

• INERT: 191 KLB

• SHROUD: 15 KLD

• PAYLOAD: 1S0 KLR

226

41_Svtlllt Yle I

I| 11



=

6.8.4 ROCKWELL

223



(This page intentionally left blank.)

224



Fully ,Reusable Launch Vehicle Characteristics

_ RockwellInternational
Space TtoMpwlalkm

hMem6 Oivlm

• ROCKWELLDESIGNATOR:FRR-3

• DESIGNFEATURES

• REUSABLEFIRSTSTAGE
• CRUISEBACKTOLAUNCHSITE

• LO2/LC3H8PROPELLANTS
• NOCROSSFEEDTOSECONDSTAGE
• ALUTANKAGE/STRUCTURE
• 4 ENGINESAT730KLDTHRUST(SL)

• REUSABLESECONOSTAGE
• GUDEBACKTOLAUNCHSITE

• LO2/LH2 PROPELLANTS
• AIU TANKAGE/STRUCTURE
• 3 ENGINESAT300 KLBTHRUST(VAC)
• ACCISICBLANKETTPS

• MASSCHARACTERISTICS

• GROSS:2.707KLB

• PROPELLANT:2,347KLB

• INERT:280KLB

• PAYLOAD(15 ETXBOFT):SOKLB

ERA Vehicle Processing Activities --
Shifts and Manpower

$6

NUMBEROF NUMBEROF TOTAL
ACTIVITIES SHIFTS PERSONNEL MAN-SHIFT MAN-HOURS

PERACTIVITY PER SHIFT

P/A PROCESSING& C/O

COREPROCESSING

P/A -- COREMATE

SRBBUILDUP

SRBASSEMBLY

SRBSTACK

SRB-COREMATE

SRB-CORECLOSEOUT

PAYLOADCHECKOUT

SHROUDPREPARATION

PAYLOAD-SHROUDMATE

SHROUD-COREMATE

PADOPERATIONS

PADREFURBISHMENT

MLP REFURBISHMENT

TOTALS

27

24

9

4O

4

15

3

15

16

6

3

3

21

12

9

245

120

60

70

40

40

40

40

40

70

10

25

40

80

90

7O

635

3,240

1,440

630

1.600

160

600

120

600

1,260

60

75

120

1,680

1,080

630

13,295

RockwellInternational
Sp,l( t Toln4poJt41t_

Sffloral Oq_llmlt 227

25,920

11,520

6,040

12,600

1,260

4,600

o6o
4,600

10,080
48O

6O0

96O

13,440

8,640

6,040

"106,360

418_Vi91626

';33



Flight Operations Costs Are Dominated by
Mission-Related Activities

TRAIHINO
• MISSION UNmU[ REOUIB[IdENT|
o MAN-IN-THE-LOOP iNI|NSW[

NETWORK SUPPORT
• MC¢ SUBSYSIEM MONITOIttNO

OPERATIONS

ON.ORBIT _ _ PAYLOAD ANALYSIS

/ _ 4 _ •SPECIALIZEO PAYLOAOSERVICES
f _ J _ .,* HOH.STAHOAItO PAYLOADINTERFACES

x_" / /_. O.-O.,T.TLOADOEOO,IE.ENYS

FLIGHT CONTROL /_13% 9%/0 % ar_
• STALKV|CTOfl UPDATES

• IDAJECTODY ANALYSIS TO GUP?OIIT / _ / / _ MISSION PREPARATION
GUIDANCEUPDATES j "_ J / ..._- MISSION UNIOU| DATA DFVELOPMENT

IX -"7"'°''''''°"''''''
\ "'/ \ "'./

_ POOORAM MANABEMENT

ENOINEERING SUPPORT • ADMINISTRATION
• SUSTAINIHO AVIONICS MAIN,
• CHANGES TO FLIGHT SOFTWARE
• MANY DIFFERENT FL1 OPG

COMPUTER SYSTEMS

CREW OPERATIONS
• LAOU NUMBED OF ACTIVE

CREWS DUE TO LONG
MISSION LF_ TIMES

_d_ Rockwell International 4TSSV_SOTTIA
SpoOrTla_spm4alkm E.:l-t3
S_m m,lslen

81

Support Systems Presently Comprise Large
Portion of Flight Costs

Flight Operations

I

SUPPORTSYSTEMSTOTALCPF-- 46% _ H:L/GwHTRE/

OPTIONS LEADING TO LOW FLIGHT OPERATIONS COSTS:

• STANDARDIZED PAYLOAD INTERFACES N

• SCHEDULED FLIGHTS

• VEHICLE AUTONOMY

• STANDARDIZE SOFTWARE

FLIGHT BOOKING

AUTO BOOKING

Rockwell International

Ik_Kt T,_
Sftk_ts Dilta4_

228

4 ?5.SV t/ISO08A

13 13 I)



Near-Term Launch Vehicle System
Current Technology

Utilizes Focused

i i

FUNCTION / ELEMENT TECHNOLOGY BENEFIT

CORE

• TANK STRUCTURE

• PROPULSION

• ENGINE

• RCS

• TVC

BOOSTER

• TANK STRUCTURE

AJU MATERIALISOGRID

EXPENDARLELO2/LH2

GASEOUS LO2/LH2

ENGINE GIMBALPOWER

FILAMENT WOUND

IMPROVED PERFORMANCE
REDUCED ASSEMBLY LABOR

LOWERCOST

REDUCED COMPLEXITY

ELIMINATE APU

iMPROVED PERFORMANCE

SiZE ADAPTABLE

• PROPULSION

• MOTOR

AVIONICS

• GN&C

• HEALTH
MONITORING

• CHECKOUT

MANUFACTURING

• FABRICATION

• ASSEMBLY

• ACCEPTANCE C/O

IMRPOVEO SOLID PROPELLANTS

AUTON ONBOARD EXPERT

AUTO MALFUNCTION PROCEDURE

AUTO SELF-CHECKOUT

COMPUTER INTEGRATED MFG

ROBOTICS

AUTOMATED PROCEDURES

UPRATED PERFORMANCE

REDUCED CONTAMINENTS

MISSION COMPLETION

MISSION COMPLETION

FASTER RESPONSIVENESS
LOWER LAUNCH COST

REDUCED COST

REDUCED COST

IMPROVED RELIABILITY

_,_ Flockwell Intemabonal
Slice Te=r4p_l_

Growth Systems Utilize Advanced Technology-
Partially Reusable Systems,

4 7SSVt J1743

E-23

FUNCTION/ELEMENT TECHNOLOGY BENEFIT

CORE

• TANK STRUCTURE

P/A MODULE
• PROPULSION

• MAIN ENGINES
• RCS

.TVC

* RECOVERY
• TPS

• LANDING

FLYBACK BOOSTER
• FUSELAGE STRUCTURE

• PROPULSION

• MAIN ENGINES
• RCS
• TVC

AVIONICS

• GN&C
• HEALTH MONITORING
• CHECKOUT

POWER SUPPLY
• GENERATION

MANUFACTURING
• FABRICATION

• ASSEMBLY

• ACCEPTANCE C/O

_ Rockwell International
S_ce Tem_lp_la4Dc_

SIC/AI MATERIAL
ISOGRID

ADV REUSABLE LO2/LH 2

GASEOUS LO2/LH 2
ENGINE GIMRALPOWER

AOV FIBER DLANKET TPS
AOV RECOVERY SYSTEMS

HIGH-TEMP N ALLOYS

ISOGRID

ADV REUSABLE LO21LHC

GASEOUS LO2/LH 2
ENGINE GIMBAL POWER

AUTON ONROARD EXPERT
AUTO MALFUNCTION PROCEDURE

AUTO SELF-CHECKOUT

HI-POWER-DEN FUEL CELLS

COMPUTER INTEGRATED MFG
ROBOTICS

AUTOMATED PROCEDURES

IMPROVED PERFORMANCE

REDUCED ASSEMBLY LABOR

REDUCED MAINTENANCE

REDUCED COMPLEXITY
ELIMINATE APU

REDUCED MAINTENANCE
IMPROVED RELIABILITY

TPS ELIMINATED
REDUCED ASSEMBLY LABOR

REOUCED MAINTENANCE

REDUCED COMPLEXITY
ELIMINATE APU

MISSION COMPLETION
MISSION COMPLETION

FASTER RESPONSIVENESS
LOWER LAUNCH COST

REDUCED WEIGHT
LOWER COST

REDUCED COST
REDUCED COST

IMPROVED RELIABILITY

229
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Growth Systems Utilize Advanced Technology
Advanced Manned Systems

FUNCTION/ELEMENT TECHNO'I'OGY BENEFIT

ORBITER

• FUSELAGE

• STRUCTURE

• TPS

• PROPULSION

• MAIN ENGINES

• RCS

• TVC

FLYBACK BOOSTER

• FUSELAGE

STRUCTURE

• PROPULBION

• ENGINE

• RCS

• TVC

AVIONICS

• GN&C

• HEALTH
MONITORING

• CHECKOUT

POWER SUPPLY

• GENERATION

MANUFACTURING

• FABRICATION

• ASSEMBLY

• ACCEPTANCE CIO

SICIAI ALLOYS OR SIC FOAM SANDWICH

HARDENED TPS

ADV RCC

ADV FIBER BLANKET

ADV REUSABLE LO21LH 2

GASEOUS LO21LH2

ENGINE GIMBAL POWER

H_GH-TEMP AI ALLOYS ISOGRID

ADV REUSABLE LO21LHC

GASEOUS LO2ILH 2

ENGINE GIMBAL POWER

AUTON ONBOARD EXPERT

AUTO MALFUNCTION PROCEDURE

AUTO SELF-CHECKOUT

HI-POWER.DEN FUEL CELLS

COMPUTER INTEGRATED MFG

ROBOTICS

AUTOMATED PROCEDURES

IMPROVED PERFORMANCE & HIGHER ALLOWED TEMPS

ELIMINATED MAINTENANCE
EROSION PROTECTED

ALL WEATHER OPERATION

REDUCED MAINTENANCE

REDUCED COMPLEXITY

ELIMINATE APU

TPS ELIMINATED

REDUCED ASSEMBLY LABOR

REDUCED MAINTENANCE

REDUCED COMPLEXITY

ELIMINATE APU

MISSION COMPLETION

MISSION COMPLETION

FASTER RESPONSIVENESS, LOWER LAUNCH COST

REDUCED WEIGHT. LOWER COST

REDUCED COST

REDUCED COST

IMPROVED RELIABILITY

#_b_ RockwelJ International

Spece Twmm,p_l_me
SItNmtS _lis_4m

47SSVlgt745
E.2-S

Improved Operations Support Results From Todays
Technology

@

FUNCTION/ELEMENT TECHNOLOGY BENEFIT

GROUNDPROCESSING

• PAYLOADPROCESSING

• VEHICLEASSEMBLY

• CHECKOUT

• LAUNCH

MISSIONCONTROL

• MISSIONPLANNING

• FLIGHTBOOKING

• FLIGHTKITDEVEL

• SIMULATION

• FLIGHTCONTROL

• CONTROLLER

• WORKSTATIONS

• NETWORK

• COMMUNICATIONS

CONTAINERIZATION

AUTOMATEDCHECKOUT

AUTOMALFUNCTIONPROCEDURE

ROBOTICMACROPROCESSING

AUTOMALFUNCTIONPROCEDURE

AUTOMATEDCHECKOUT

AUTOMALFUNCTIONPROCEDURE

SMARTSENSORSFORROBOTICS

lAUNCHCONTROLEXPERT

STANDARDIZATION

SOFTWAREPROD& MAINT
RAPIDPROTOTYPING

SOFTWAREENGINEERING

REDUCEDVEHICLECLEANLINESS

FASTERPROCESSING

RAPIDC/O

REDUCEDCOST

RAPIDC/O

RAPID C/O

RAPIOC/O

REDUCEDCOST

INCREASEDRESPONSE

AUTONMISSIONCONTEXPERT

INTELLIGENTSTATIONS

FIBEROPTICS

REDUCEDCOST

INCREASEDRELIABIL_Y
REDUCEDCOST

IMPROVEDPERFORMANCE

Rockwell International

Sl=*Ke If antpml_4om
$1steml Di,tll_m
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REDUCEDCOST

GREATERUTILITY
RAPIDRECONFIGURATION

INCREASEDDATARELIABILITY

47SSVI91746
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Major Cost Contributors

(

ARCHITECTURE !
% OF LCC BY SYSTEM

+

'AClUTJ[-EL_ P.O.c,m /_" _1 \ ..c,UT,. _ .0T++

ER-4 OPS BY ELEMENT

475SVI 916E0

T+&24

JJ7

Forecasted Costs for Assessed Technologies

TECHNOLOGY O(VELOPHENT Y(All

.... ........ ................... .o. ...... . .......................................................

Iio Name 1981 1988 1989 1990 1991 1992 1993 1994 1995 TOTAL

o ....................................... • ...... . ................................................

A|/E_CP(RT S_STEMS

2 ,_tonOmous. On-lx_rd Mission

¢ontrol [xper t

3 Launch Coetroi [xpert

4 Vehlc|e Ground (xperi

Process1 ng Plsn_4r
S Aut omot ed 14a] f_ct Jon

Procedure & Saf_ng

6 Aut_ted 5e1 f-Checlmut

SOFI'MAJ_( PROOI_TIMI _ KA/MT[NA/_[

6 _ftwtre Product_o_ K

Nalnten4nce Hethods

9 Soft,ire (ngt nonr ins

(nvi ronment

10 sartv6reLo_I

l! lisped Prototypt ng

12 A| in Soft,are (ngtneerln9

|3 Soft.ire _trics and

Neai-rment

iLOGOrlCS AMO AUTOI_TION

18 Robotic N4crogroclss|Og

ZO Saart Seniors for ko_t|cs

an_ Aur, ma_ m_

OPEIIAll_tS

_2 Adverse _St_M_r Protection TIW

and O_rat tons

#_k_ Rockwell inte;natlonal
Spice Trs_l+ll_l1444sn

|fillet I)i _lMIm

|l.S 15+0 16.0 10.5 3,0 1,0

Cmmrciel Oevelo_nt Expected

5_0

|,0 $,0 7,0 1.0 6.0 6.0 S.O 4.0 49.0

1.0 6.0 $,0 ?.0 5.0 4.0 3,0 3 O 40.0

1.4 3.4 S.4 3.6 0.4 14.2

1.4 1.4 2.S 3.4 3.2 1.8 1.0 0,4 IS.Z

0.0
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Conclusions

( "

ARCHITECTURE

• OTV -- EXISTING STAGES CAN ACCOMPLISH ALL OF
THE MISSIONS

• ASSURED ACCESS REQUIRES A NEW UPPER STAGE WITH
12.SKLB GEO DELIVERY CAPABILITY

• LAUNCH VEHICLE

• UNMANNED CARGO VEHICLE NEEDED BY MID 1990s

• EXPENDABLE FOR NOMINAL MODEL

• PARTIALLY REUSABLE NEEDED FOR KEW SCENARIO

• MANNED MISSIONS ACCOMPLISHED WITH SHUTTLE

• NEED BASELINE RETURN CARGO CAPABILITY

• NEED TO EXAMINE ALTERNATES FOR MANNED & RETURN
CARGO BACKUPS

Rockwell International

lrr_l_rt_im
St_,mw _ 47_vtgt $92A

E.t-21

179

Recommendations

• START DEFINITION & MOVE TOWARD DEVELOPMENT OF
EXPENDABLE HLLV

• PLAN NOW FOR ULTIMATE PARTIALLY REUSABLE SYSTEM TO

SUPPORT LATE 19905 GROWTH/LOWER OPERATIONS COST

• INITIAL STEP/ULTIMATE STEP CONNECT

• CONTINUE AGGRESSIVE TECHNOLOGY PROGRAM

• SUPPORTS MORE REUSABLE CARGO & MANNED VEHICLE

DECISIONS

• FOCUS CURRENT TECHNOLOGY FOR LOW COST MANUFACTURING
& OPERATIONS

Rockwell Intemattonal

Ik_¢e t't6nt p4_

Ii$111111 OI ill;Ira
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6.8.5 STAS GROUNDRULES
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6.8.5 STAS GROUNDRULES

9.1 GROUNDRUL/_ AND ASSUMPTIONS

This appendix contains the major Government provided and contractor derived groundrules and

assumptions forSTAS. '

The groundru]es are characterized under the major study areas for clarity. However, many

groundn_es impact m_.as other than the primary area under which they arc liste_

9.1.1 GOVERNMENT SUPPLIED GROUNDRUtES. The following STAS groundrules were

provided by NASA MSFC 20 February 1987.

ARCHT_CTURE GROUNDRULES AND ASSU}_L_T]ONS .

A-l Viable archhecmre will be based on a mixed fleet concept for opcmtiond flexibility, As a

minimum, two independent (different major subsystems) launch, upper stage, and r( rum to

earth (especially for manned missions) systems must be employed to provide assured access

for the specific, high priority payloads designated in d_e mission model.

A-2 A viable architecttm: must capture 100% of the missions in the model option for which it is

synthesized. Requirements for large, driver-_pe payloads which fly on an infrequent basis

should not be allowed to exert inordinate influence on the architecture. Drivers shall be

identified for government concurrence.

A-3 "All elements, equipment, and operations associated with any OTVs must be included in the

mhitectm_ costs. IOC for OTVs (ground or space-based) is to be determined by analysis.

A.4 A minimum of 3 years (elapsed dmc) must be allowed to ramp up a new system to full

operations (steady state) to provide a smooth transition between existing and new

architectm_s (facilities, systems, equipment and operations).

A-5 Assume the following systems exist in 1995:4 orbiu_ space _ansponacion fleet with launch

f_-iliti_ at _ and WTR whose u_al launch cepabiliw is 16/yn Titan rv at _ and _ a

new medium ELV at E'I'It PAM, IUS, and Centaur G' upper _agcs; and an unmanned OMV

(one each, ground and space nat/on based).

A-6 Reserve for future use.

A-7 Use govenmlent furnished Shutde and Titan IV cost data (STAS input).

- Extrapolate to kighcr flight rates

- Assume maximum of 6 launcbes/ycar from exisdng "13tanIV (TTV) pat at WTR

A-8 For reusable vehicles (or reusable elements of vehicles) the number thin must be in the acdve

inventory in any year must be one greater than the number necessary to support the number

of flights in that year.

9-2
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NASP (NATIONAL AEROSPACE pLANE)
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ANNEX H: NATIONAL AERO-SPACE PLANE (NASP) PROGRAM

I

The NASP Program is an on-going national program, and is there-
fore included as an integral part of the NSSD Space Transpor-
tation Architecture. The current phase of the effort is devoted

largely to technology development. Many of these technologies

will apply directly to future rocket-powered space transportation

systems.

i. PROGRAM

The goal of the National Aero-Space Plane Program, a joint

DoD/NASA program, is to develop and demonstrate hypersonic and

tr_nsatmospheric technology for a new class of aerospace vehicles

powered by airbreathing rather than rocket propulsion. A family

of operational vehicles, built on the technology developed in the

National Aero-Space Plane Program, could include a next gener-

ation space transportation system, military aircraft, and a

hypersonic cruise transport. The program is structured to

provide a validated technology base by the mid-1990's for single-

stage-to-orbit vehicles using airbreathing propulsion as an

option for the next generation manned vehicle. If the NASP

technology objectives can be achieved, an order of magnitude

reduction in payload cost to orbit appears attainable with

flexibility of operation and basing. The technologies also have

application to hypersonic aircraft for sustained hypersonic

cruise in the atmosphere providing the potential for rapid point-

to-point travel on the earth.

In 1984 and 1985, a Phase I Concept Definition, or feasibility

study (see Figure i), was conducted by the government to deter-

mine if the key technologies were sufficiently advanced to

warrant proposing the NASP program. Based on the positive

outcome of that study, the NASP program was proposed; and on

February 4, 1986, President Reagan announced the program to the

Congress and the Nation during the State of the Union Address and
directed NASA and the DoD to proceed. Since future aerospace

vehicles based on the technology developed in the program will be

of benefit as both civil and military systems for aircraft and

space transportation applications, the DoD and NASA have there-
fore combined their resources and expertise in this Joint

program.

The current Phase II activity focuses on developing the NASP

technologies and consists of three parts: (1) development of the

key enabling technologies in propulsion, materials, structures,

and aerodynamics, this development to take place in government
laboratories and in industry; (2) development of propulsion

system components and, subsequently, a large-scale propulsion
system module, as close to flight weight and size as ground

I
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facilities will accept, which will be designed, built, and tested

by industry; and (3) conceptual design of vehicle configurations

and development of large-scale airframe components that will be

designed, built, and tested by industry. In the second area,

Phase I_ propulsion contracts were awarded two engine companies
|

in April, 1986, with a third engine company added subsequently.
In the third area, Phase II contracts were awarded in April 1986

to five airframe companies. At the end of the first part of

Phase II, two engine contractors and two or three airframe
contractors will be selected to continue through completiono_f
Phase II. This phase should be completed in I! I -- _and I_

will be followed by a technology readiness assessment and

decision point on proceeding with the Phase III flight research

With approval toproceed with Phase III, one engine contract and
one airframe contract will be awarded to design and build the

experimental vehicles for the flight research program. The plan

is to build two experimental vehicles for flight testing and
another vehicle for ground tests and spares, for the
NASP includes about for Phase

The experimental vehicle, officially designated the X-30, will be

used to extend the development of the technologies to higher Mach
number and altitude conditions than can be fully simulated in

ground facilities. It will also validate the integration of the

technologies and demonstrate their performance throughout the
flight envelope. The performance goals for the X-30 vehicle

include demonstrating the technologies for horizontal take-off
and landing from conventional runways, sustained hypersonic

cruise in the atmosphere, acceleration to orbit and return, long-

life reusable systems, and more conventional airliner-like

operation.

2. AERO-SPACE PLANE CHARACTERISTICS

Although the aero-space plane is characterized as an airplane

that will fly to orbit, there are major differences between prior
aircraft and this vehicle. The unique feature that distinguishes

the aero-space plane design and capabilities from current

aircraft (and rockets) is the advanced airbreathing propulslon

system that must provide required thrust from takeoff to close to

orbital speed and operate in the demanding environment across the

speed range. Another major difference is the degree of integra-

tion required between the airframe and the airbreathing propul-

sion system, resulting from the strong interdependence of the

vehicle and engine flowfields. The aero-space plane design takes
advantage of the flow compression developed through the vehicle

forebody flowfield ahead of the inlet to produce the elevated

pressures required for the combustion process, and further uses
the aft undersurface of the vehicle as a portion of the engine
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exhaust'nozzle. As a result, the performance of the airframe and
the engine is strongly coupled, and they must be carefully

integrated to produce the desired overall vehicle performance.

3 . TEC_NOLOGY _DEVELOPMENT

i

aero-space plane

decade, in air-

and computational

Significant progress has been made in key

technologies, particularly during the last

breathing propulsion, aerothermal structures,

fluid mechanics. Phase II of the NASP program focuses and

accelerates the further development of these key technologies

specifically for the aero-space plane through efforts in both

government and industry laboratories. These efforts include a
program to mature the fundamental technologies and a program to

provide ground demonstration of key systems or subsystem ele-

ments. This focused technology development will lead to the
possibility of Operational aero-space plane systems by the turn

of. the century.

TECHNOLOGY MATURITY

Both experimental and computational tools are being used to

identify and develop the technologies, with computational

capability playing a more significant role than has been possible

in the past. In fact, computers will be the primary tool for

aero-space plane analyses and design for very high Mach number
and altitude conditions where wind tunnel simulation capability

is limited. Extensive analyses and testing are already underway,

addressing configuration concepts, impacts of different trajec-

tories, various propulsion systems, materials and thermostruc-
rural concepts for the engine, hydrogen tank, and airframe,

active cooling systems, cryogenic systems, etc. Extensive tests

and analyses will be conducted for various propulsion concepts

over a broad parametric range of conditions to develop the

required technology level and ensure a thorough understanding of

the low-speed, supersonic, and hypersonic engine cycles includlng

combustion processes, internal and external flow phenomena and

effects, inlet and nozzle performance levels, transition between
engine cycles, etc.

The primary enabling technology for the aero-space plane is the

scramjet which is needed for operation at speeds beyond about

Mach 6. As a result of an extensive experimental and computa-

tional effort over the last decade, sufficient net thrust has

been measured to demonstrate that a scramJet system can acceler-

ate a large aircraft at hypersonic speeds. The scramJet design

and operation have been optimized in these sub-scale tests for

internal geometric configuration, fuel injection and mixing, and

ignition and combustion efficiency. The capability to test

reasonably-sized scramJets is limited by wind tunnel size, and

achievable flow velocity, flow rate, temperature and pressure;

therefore, this technology will be extended to higher Mach

numbers based on computational results verified by partial
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simulation of selected parameters in wind tunnels. Since the net

thrust of the scramjet engine is projected to be strongly
sensitive to vehicle forebody viscous flow effects and also to

the vehicle afterbody configuration for the high Mach number and

altitude regime, the X-30 flight research program is required

both to further develop and to demonstrate the. technology above
Mach 7.

The computational power of today's supercomputers is an enabling

capability for the complex analyses of the aero-space plane

configurations, aerodynamics, aerothermal structures, controls,

etc. Supercomputers in government laboratories and in industry

will be used extensively in the modification and application of

existing codes for analyses of aero-space plane configuration

aerodynamics, trajectories, controls, structural concepts, and

subsystems, benefits and penalties. With this computer power,

the full 3-dimensional viscous flowfields are being calculated

for potential aero-space plane configurations, including internal

flows, boundary layers, shock interactions, etc.

The requirements for structural materials for the aero-space

plane center around 1) the need for high strength-to-weight at

low temperatures (low speeds) where gust loads dictate the design

criteria, and 2) a high_temperature capability with a substan-
tially lower strength_to weight requirement, since pressure loads

will be considerably less at hypersonic speeds where heating is

highest. For acceleration to orbit and reentry, the structure
will be designed and the technology developed to accommodate the

significant total heat load and high peak heating loads. For

sustained hypersonic cruise in the atmosphere, the dominant

factor is flight at hypersonic speeds; as a result, a more

efficient hydrogen tank insulation system will also be designed

and developed to minimize boiloff of the liquid hydrogen. With

the recently developed capability for conducting fully integrated

fluid-thermal-structural analyses, minimum weight structures will

be designed using this technique for the required supersonic and
hypersonic conditions precluding overly-conservative structural

designs with their large weight penalties.

There are a number of candidate structural materials for the

aero-space plane including titanium, superalloys, advanced

carbon-carbon, and high temperature composites. High temperature

metals and advanced carbon-carbon, the latter having improved
properties over the carbon-carbon on the Space Shuttle, are well
characterized. These materials will be evaluated for the

fuselage, tank, engine structure, etc., in order to identify and
develop the materials and structural design combinations, and the

associated joint, fastener, and fabrication technologies, that

provide the needed performance at the lowest structural mass
fraction.

For those areas of the vehicle where the temperatures are
projected to reach levels beyond the capability of available

materials, such as the leading edges of the engine splitter
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plates,'the inlet cowl, the fuselage nose, etc., the structure

will require cooling. Various techniques will be evaluated and

the technologies extended to the required levels through experi-

ments and analyses specifically for application to and demon-

stratioh on the X-30 vehicle. Candidate cooling techniques

include hydrogen regenerative cooling and film cooling for large

areas such as the combustion chamber walls, and heat pipes and

liquid metal heat exchangers for very localized hot spots on the
vehicle.

TECHNOLOGY DEMONSTRATION

In addition to the laboratory technology development and small

scale demonstrations described above, Phase II of the NASP

Program includes major large scale demonstrations of critical

system and subsystem elements. These demonstrations, performed

primarily by the industry, focus on major airframe components and

propulsion systems which can be ground tested prior to experi-

mental vehicle application and will include:

Full scale propulsion modules and components

Cryogenic tankage/TPS

Integrated w_ng-body thermal structures

Actively cooled nose cap - proof of concept

- Wing/tail leading edge cooling

- High temperature seals

The NASP program emphasizes these enabling technologies as well

as avionics and controls, cryogenic systems, environmental

control, instrumentation, flight simulation, and pilot/vehicle
interface. With the specific exception of the airbreathing

propulsion technology, these technologies will be of significant

benefit and directly transferrable to future rocket-powered space

transportation systems.

4. APPLICATION STUDIES

The full spectrum of potential NASP roles will be addressed in

applications studies, ranging from single-stage-to-orbit space

launch to sustained hypersonic cruise within the atmosphere. The

space transportation application, as a follow-on to the Space

Shuttle, represents both the highest technical challenge and

potentially the greatest operational payoff of the NASP technol-

ogies. An operational aero-space plane could offer the potential

for an order of magnitude reduction in payload cost to orbit with

the flexibility of a variety of launch and recovery sites

(runways). The program will assess the range of vehicle payload

capabilities by focusing on aerodynamics, structural, propulsion,

and subsystems scaling.
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Approximately $8M of the Phase II program is directed toward

operational vehicle system application studies and technology for
associated life cycle cost reduction approaches. The latter area

includes manpower reduction, reliability and maintainability,
logistics, autonomy, supportability and other aspects which may

be incorporated into Phase III as part of the flight research
program. For example, the major cost drivers of reusability and

rapid turn-around will be demonstration objectives.

5. su o mY

(TechnologyDevelopment) is well underway and includes_a

"core" program leading to the maturity of key subsystem technol-

ogies and a demonstration program when the critical components

are sufficiently tested to permit initiation of a experimental

flight vehicle phase (Phase III). Phase II also addresses

preliminary vehicle designs and potential system applications.

With the successful demonstration of the very advanced and

innovative technology of the NASP program, the Nation will have

broader options available for a next generation of launch

vehicles and aircraft with capabilities that will clearly

maintain world leadership for decades to come in both space and
air transportation.
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6.10 HALO (HIGH ALTITUDE LAUNCH OPTION)
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6.10 HALO (HIGH ALTITUDE LAUNCH OPTION)

S G O FJT STUDY
IPR-1

PRESFJCrATION
BOEING

HALO CONCEPT

(HIGH ALTITUDE LAUNCH OPTION)

PRESENTED AT

KSC

SEPT 17, 1987

THIS CONCEPTWASSTUDIEDEARLIER (1981- 83)BY AFWALANDAFRPL

FORAPPUCATIONTO THEADVANCEDMILITARYSPACEFLIGHTCAPABILITY

(AMSC)MISSION. THECONFIGURATIONINCLUDEDSPACEPLANEPIGGY-

BACKMATINGTO A BOEING747. NUMEROUSTECHNICALSHORTCOMINGS

ARE IDENTIFIEDINTHE REPORTS. THESE INCLUDED:

• MATINGATAUSTEREBASES

• DROPTANKDISPOSALFORABORT

• INHERENTWEIGHTSENSITIVITY

• RUNWAYBEARINGLOADS

• TAKE-OFFGEARCONFIGURATION

A LARGEJET-POWEREDAIRCRAFTCONFIGURATIONTHATSOLVES/

AVOIDSTHESE PROBLEMSWASSTUDIEDBY NASA/DRYDENIN 1973.

A COMPREHENSIVEDESIGNSTUDYWASPERFORMEDWITHVERY

ENCOURAGINGRESULTS.

S G O FJ'I"STUDY
IPR-1

PRESENTATION
IW BOEING

SPACEPLANE
P_SE_EDAT

KSC

_PT17.1_7

FEATURES

117

261

/



8GOFJT STUDY
IPR-1

PRE_NTATION
BOEING

HALO FEATURES
PRESENTEDAT

KSC

SEPT 17. 1987

• VAB, L_P, CT, PAD, AND THE _ GF
_ StPPCRr _

• _ _ _Z_S

• S_B'S & SRB _ SHIPS & FACILITIES

• VERTICAL PAYI/2_ F_:II_TIF_

• S2A_DING KSC AR_ aF 15 _

• SFL_,I:_D(::_::tl"TICX_L_ FACILIT'J_i:_

• _ _ _K.L:'E_;:RI'']Y_,,_MA",D _VY _ FCI:_.

• _ _ SD,t:_'r;'n _ _
- NO _ _ FaR p'I'(3G'jI_t.I_::_(S::A_
- C-5T CARRIES ALL SAFE AND DESERVI(_ G._ IN(I_ _ TOCLg
- _ 24-HR CYCLE FCR STS CRBI_ RILg

• 2 M3DIFI_D BOEING 747's CR 4 C5A, 2 _ _ _ETI(_S,

NER IEW-BYPASS, HIC_ _UST, _L _'FI_ ]_GI_-_

• 6 NS_ SIMPLIFIED EESIGN, LIGEFdEIGHT SPAC_IANES

• _:)_;:]_::_ ["]Ci:t_ _ING F'_CII.,IT"_]_S

• A]_:_I_ PARKING AgEAS AZ_D _ BUIIDIN3

_o_

• IEK A_D 1/32 _ NEAR R/N_AY

- _ _O FILLS _9LAZ_ FROM HI_[%Y

USING _IC_S_._E _ eeS_=OIE SYS_M

L.
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SG O Err STUDY
IPR-1

PRF.SENTATIO_
Iq BOEING

i

HALO FEATURES

(CON'T'D)
PRESENTED AT

KSC

SEPT 17, 1987

• HIGH _ _ C_ABTT.T_ (l:_1:I_ CR _)

• _ _ C_AB_ - _1-_'1

• _FR_ANY200' BY 12000' _ (73 QF

_IFI_D BY USAF/_C AVAEABIE _/Z_IE).

• CAPABIIETY _ 37% CF MISSION 2/II PAY[/I_ SIZE
AND OWR 2.5 MII/ECN LBS PI_ YEAR IN LEO

• _ PASSENGER _ _ _ (V_IICLE M_A_:))

- SP_ SI_-_CN RESO_ V_IICLE FQR PRI£_ CF _ PAYIZI_ M3[XEE

• AIRPIR_ AVAIIABILITY IN LESS _]AN 3 '/EARS AND SPA£_LANE

IN IESS _HAN 5 YEARS FR_ GO

Successful performance of the design ls dependent on operational slmpllflcat|on relative

to AHSC

• Hlgh-6 accelerated reentry unacceptable and unnecessary for small cargo/rescue

vehicle

- Skip reentry, once-around a la Sanger should be considered for structural and

TPS simplicity

• Large cross-range and resultant design Impact also unnecessary for small cargo I

rescue vehicle

• High launch rate dependent on spaceplane simplicity

• AMSC spaceplane turnaround goal - 2 days

• 5-Oay turnaround in a non-overtime, 5-day work week scenario requires 6

spaceplanes for dally launch schedule (sans Sunday)

• 2.5 million lbs. per year to orblt requires 333 flights at 7500 Ib P/L

• Aircraft launcher availability dependent on USAF willingness to provide 2 ea. C-SA cargo

aircraft for modification

• Rapid spaceplane DDT&E/deployment depen¢lent on existing state-or-art technology

application to the very simplest possible requirements and a "skunk-works" procluctlon.
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S G 0 FJI" SI"UDY i

IPR-1

PRESENTATION

W BOEING
INITIAL 747

HALO

LAUNCH PROFILE

PRESENTED AT

KSC

SEPT 17. 1987

%

I

I
/

S G O E/T STUDY
IPR.1

PRESF.NTAT_N

Iq BOEING

SPACEPLANE

HALO

MOUNTED ON 747 CARRIER

PRESENTED AT

KSC

SEPT 17. 1987

0 20 40 50 90

SCAL( ]a F(ET

IO0
a

C5_tdutNGS RILS(,sACN pa_Ja,r

w._TSvol._.J, AO._O,U6A _lidl07
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. S G O F_/rSTUDY
IPR-I

PRESENTATION
by BOEING

SPACEPLANE VIABILITY

i PRESENTED AT

KSC

SEPT 17, t987

REQUIRES 747 THRUST AUGMENTATION

- 46.2K FT.; MO.85

- 4 EA. RL-10 PRELAUNCH FIRING

+ 5 MINUTES

+ LOX AND LHz TRANSFER FROM 747

+ 747 AIRFRAME DEGRADATION

LARGER, HIGH-WING AIRCRAFT SOLVES MANY PROBLEMS

-INCREASES SPACEPLANE GROSS LAUNCH WEIGHT APPROX. 8OK LB.

- EUMINATES AIRBORNE PROP. TRANSFER, DEWAR AND SYSTEMS

-ELIMINATES PRELAUNCH ROCKET FIRING

- ELIMINATES COSTLY, TIME-CONSUMING, HAZARDOUS

LIFT/MATE OPERATION

-IMMENSELY EXPEDITFJSIMPLIFY CLS ACTIVITY

-CAN SERVE AS ALTERNATE SCA

-CAN FERRY NEW STS EXTERNAL TANKS ON EXPEDITED SCHEDULE

S G O FJTSTUDY
IPR-1

PRESENTATION

by. BOEING

TWIN FUSELAGE C-5A (C-5T)

PRESENTED AT

KSC

SEPT 17. 1987

5PACEPL_NE-

634,400

100,000

478,700
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6.11 FOREIGN SPACE VEHICLES
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6 • 11 • 1 FOREIGH I_UNCH VEHICLE MATRIX
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6.11.1 FOREIGN LAUNCH VEHICLE MATRIX

International Launch Vehicles
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6.11.2 FOREIGN
SPACECRAFT MATRIX
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6.11.2 FOREIGN SPACECRAFT MATRIX

International Spacecraft
I
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NEC/GE
NEC
N[C

Klwl_ki

PAGE___,_l._iN H_NTI0'NN'LYBRONX

(1_6/--I 1.100
Ira0
1650

=?'tO
7"/0
3,0_0
1,210
1,210
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1,210/4,400

1,507
1,600
3,005

N-21H-1/H-I
N-1
N-2
N-2
N-2
H.1A
H-IA
H-1A
H-1A
N-2
H-tlH-2
t4.1

2-7_,=

Geostl_nwy _L/_-3-_4, 1960. tllg0
EnlFnew_ I_t ute_le.l_lJ_
Mw_me o/x_'VllbOn II_e/tN7.

Op_-tio_ I_o_-S_t/1._3-1M, 2-116.
EWlh fll=.odrces Ikttl 1_91,

_z _ wreteu_ rz_o 1906.
,_econdmo_A_ o(_llaon Set 19_8
El_'tNn_ lest MI 19_711_12

Free _ 1_92
S_om 2-O9
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6.11.2 FOREIGN SPACECRAFT MATRIX

SPECIFICATIONS
I

International Spacecraft

EXOS-C (Ohzo_] NEC
e_oso _
ASTRO-_ Itw_on) NEC 2_
ASTROS. -D

¢"
MUSES_HESP'I J I,_JO_

I.UXEMBOURGSocktteEumpeenne_ Satellltu(SES)

/_m-1 JRCMum)CKIn:)_ J--

KtTO
Jv_lim 11,467

retie

J Mu-3S-2
Mu-3S

J Mu-3S-2
M_3S
Mu-3S. -3S2 ....

Mu-3S-2

MU-3S-2

Ro.wko end PmlxmelFImt

I Anlne 4

HaMy'w come testmmaon/t-8-85.
S_udyof m_e/2-14.84
Ean_ _ ol_ar, x_'l _IL
A._ ,e,,_atch/2-2-81.
_tropt_c_ reseatch/2.20_3. 1990
Vend'Halley's come( _/HG.

SoW_, 1_J'_.

t.umv_. t_.

NATO 3/_ B, C

] C,ommun<a_k>ns-KuBand tge8

J F_ Awos_ce/NATO teCSFordAmo_m_/NATO NICS 1.545 0etl 31141,_S 0ere 3914

J DglftilS_¢¢OItIITL6/4 & 14/12 C,_'tZ/_:.8G:Sepl. _

J COeWL,N. _ and Europe/N4.
NATO 3O

S_.OENS_ _ Cm_

CoemJr_l_/,l-22-76, t.2T-T/, 11.18.78.

Tee-X
v_ sabs_,,,eoe,,__,om=,

USSR

Comos Seeel -- 200-I0,500

Cewn_ 1,374/1,517

Vega t2

m
i

m
m

2,000 lb.d.
3.,1millontotal

_,_

WESTGERMANY

SPkS-01/01k J
Donw

RO_T DFVU:t/_ S.EC.

E;ec_ n_._ aur_ s_m/_geS.

VWcul

P_ SL.12

re¢o_ and soentlk: _ stal_; 2-4 man ¢tlw/4-1_71; 4-1g-lkl.
Synchronousof)e'a_al u¢om/12.22.75
Space la_kee/1/20/7_
Combinedvm lander and t._ com_ I1_ spaceoatV 12.1,5-84;t2-21414.

I Reu_ _lltel_/_ free-_11_/_.18.83, 2-2-84.
Germ_ I_lit, _nje X- ay leW,_ _dh Ge'mlm, U.S. & U K. mq_lmen_TBO.
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British Aerospace Spelda dual payload de-
ployrnent system is shown as blue area (ar-
row) on this drawing of the Ariane 4 launcher, i
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Flight

ARIANE LAUNCH MANIFEST
Month .Vehicle Payload

1987
V19 Aug Ar3
V20 Oct Ar2
V21 Dec Ar3

1988
V22 Jan" Ar 4

V23 Mar At2
V24 Apr Ar2
V25 May Ar3
V26 Jun Ar3
V27 Sap Ar4
V28 Oct At2
V29 Nov Ar4

AUSSAT K3& ECS4
TVSAT 1
G STAR IIItGEOSTAR R01 &TELECOM 1C

APEX 401 : METEOSAT P2, AMSAT &
PANAMSAT
INTE LSAT V F13
TDF-1
SPACENET IIIR, GEOSTAR R02 & SBS 5
ECS& INSAT 1C
ASTRA 1 & MOP 1
INTELSAT V F15
TELE-X'" &SKYNET4B

1989
V30 Jan Ar 3
V31 Feb Ar 2
V32 Mar At2
V33 Apr Ar 4
V34 May At4
V3S Jun At4
V36 Sap Ar 4

V37 Oct Ar 4

V38 Nov Ar4

OLYMPUS
JC SAT & DFS 1
SPOT 2
SUPERBIRD-A & HIPPARCOS
INTELSATVI F1
SUPERBIRD-B & INMARSAT 2 F1
TDF-2 & DFS 2 (or INMARSAT 2F2 or
GSTAR IV/GEOSTAR TR1 )
SATCOM K3 & IN MARSAT 2 F2 (or DFS2 or
GSTAR IV/GEOSTAR TR1)
INTELSAT V1 F2

1990
V39 Jan Ar4
V40 Feb Ar4

V41 Mar At4

V42 Apr Ar4
V43 May Ar4
V44 Jun At4
V45 Sep Ar4
V46 Oct Ar4
V47 Nov At4

EUTELSAT IIA & MOP 2
TVSAT 2 & GSTAR IV/GEOSTAR TR1 (or
DFS 2 or INMARSAT 2F2)
EUTELSAT II B & SKYNET4C (or ERS 1)
INTE LSAT Vt F3 (or ANIK E1 }
ERS 1 (or EUTELSAT lib & SKYNET4C)
ANIK E1 (or INTELSAT VI F3)
EUTELSAT IIC & ITALSAT 1
SATCOM K4 & GEOSTAR II
ANIKE2

SPACEFLIGHT, Vol. 29, September 1987

Ariene Evolves

Arianespace, operator of the Euro-
pean-built Arlene rocket, has
scheduled the new Ariane 4 for its
maiden launch in 1988. Despite the fai-
lure of Arlene V18 in May 1986, the
Arlene family has made an impressive
dent in the commercial market.

The versatility of the Arlene 4 will
continue 1o give Europe a competitive
edge through the early 1990's. The
March 1986 addition of • second
Arlene launch pad enables Arlene-
space to launch as many as 12 flights
per year, although present market fore-
casts call for about eight annual
launches in the early 1990's.

With the backlog of US launches,
Arianespnce has had no problem in
finding customers for Arlene 4, which
has a payload capability of up to 9,250
pounds. It has six configurations to
meet varying launch needs and will
replace the Arinne 2 and 3 launch vehi-

cles by 1990. 282

France is also evaluating a Super
Arlene 4 concept, able to lift 1500
pounds more, that will be us(_d as an
interim vehicle before the launch of
Arlene 5. The Arlene 5 will be able to lib
up to 17,600 pounds and will be
launched no sooner than 1995.

At about the same time, ESA's Col-
umbus module will be under final pre-
paration for launch to the international
space station on the space shutlle. The
first module will be permanently
attached to the station. Later, man-
tended free-flyers will be launched by
the Ariane 5.

An extended stage for the Arlene 5
in under study for the boosting of pre-
stJrised modules to the space station or
tOan independent European space sta-
tion.



Sanger

In his paper "The Two Stage Sanger

Space Transport System', Dr. H.

Kuczena, of the German aerospace

firm MBB, said Sanger would combine

two development lines - an aircraft

concept, such as Concorde, and the

Shuttle concept as exemplified by the
US Shuttle and Hermes.

He explained that the upper stage of

the vehicle, Horus, a derivative of

Hermes, would be used in conjunction

with a hypersonic transport plane,

283

Sanger. As a global transport, Sanger

would be able to carry 130 passengers

e distance of 13,000 km. Among prop-

ulsion systems being considered are

combinations of turbo and ramjet

engines for the first stage Sanger vehi-

cle.

There are also plans for an expenda-

ble upper stage version for carrying

payloads of up to 15 tons into low-
Earth orbit.

Horus of 91.000 kg weight would be
for manned missions only and would

carry a crew of two. Uses of Horus

would include servicing the space sta-

tion, missions to polar orbit and recon-
naissance work.

Dr. Kuczena said thinking behind

the idea was to develop a system capa-

ble of being launched in Europe with

the ability to _cruise to an equatorial
latitude for a more favourable launch

location•

Horus, as a derivative of Hermes,

would benefit from lessons learnt in

the French-led programme. Launch

costs would be 10 to 15 per cent that of

Hermes with a two to four ton payload

capability.

Cargus, the unmanned version, is

estimated as being able to carry the

same payload into orbit as an Ariane Y

but at approximately one third of the

cost.

Development is e_pected to start ;n

1994 and operations slawh._(| in 2005,

afh.,r which launches sht)¢=ld comple-
ment those ()f the US Vrhi;:lu.
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Hotol - BAe Justifies its case
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An assessment is made of the technology development and

integration prospects for a horizontal takeoff and landing, or

'Hotol' launch vehicle capable of inserting 7-tonne satellites
J

into low earth orbit at a mission frequency of i/week in the late

199Os. The Hotol would be of approximately the same dimensions

and takeoff mass as the Concorde SST, and would employ a 'dual

role' hybrid turbojet/rocket able to operate on liquid hydrogen

fuel (combusted in atmospheric air at lower altitudes, and with

liquid oxygen at exoatmospheric altitudes[. A hypersonic L/D
ratio characterized as twice greater than that of the Space

Shuttle Orbiter would permit Hotol to return to a European base

from an equatorial orbit, thereby saving turnaround time. Engine

development is the most critical aspect of the Hotol program.
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Europe Banks on Key Program Successes
To Maintain Competitiveness in Space
JEFFREYM. LENOROVITZ/PARIS

urope's competitiveness in the inter-
national launcher and satellite mar-
kets will be shaped by key program

milestones this year that include the first
flight of an Ariane 4 increase-lift booster
and the outcome of European participa-
tion in competitions to build new commu-
nications satellites for Intelsat and
Aussat.

A successful first mission for the multi-
national Ariane 4 booster would bolster
Europe's marketing efforts for Ariane as
it faces increased competition from U.S.
expendables and those offered by the So-
viets and Chinese. The Ariane 4 flight is
planned for May/June with a three-satel-
lite payload.

The role of European industry in build-
ing advanced communications satellites
could be determined by results of the In-
ternational Telecommunications Satellite
Organization's Intelsat 7 and Australia's
Aussat 2 competitions---in which Europe-
an industry is a key participant. Bidders
for the two major contracts include
France's Matra, Aerospatiale, and Alcatei
Espace; British Aerospace, and West Ger-
many's Messerschmitt-Boelkow-Blohm.

'.This year is a crucial one for Europe's
competitive standing, and a lot is riding
on what will happen in the coming
months," one European aerospace execu-
tive said. "A successful launch of Ariane
4 is important for the booster's credibility,
while the outcome of the Intelsat 7 and
Aussat 2 satellite competitions will go a
long way in determining the future of Eu-
ropean companies in the telecommunica-
tions satellite business."

Frederic d'Allest, president of Europe's
Arianespace management/marketing or-
ganization, said Axiane must demonstrate
its capability this year for routine, regular
launches to keep a hold on its dominant
position in the commercial launch ser-
vices marketplace.

"We are in an environment that is
more competitive than ever, but we have
established and consolidated our position
as a leader in the launch services field and
we plan to maintain it," d'Allest said.
"We feel we have this place because we
made the right choices in going to the
[expendable launcher] design for Ariane
well before the Challenger accident, and
we have developed a range of perfor-
mance improvements to create a family of
vehicles as our program matured.'"

The first flight of the Ariane 4 in-
creased-lift launcher currently is sched-
uled for the second half of May or early
June, and the booster is being integrated

III -

FnmchTOF-!directbmulcastsateUltaIs similarto theWut brman 11satthat failedto become
operationalbecauseON of its solarpanelsdidnotdeploy(tWlaTMar. 7, IL 67).

on its mobile launch table at the Guiana
Space Center's ELA-2 facility.

Ariane 4 is capable of launching pay-
load masses of 4,200 kg. (9,250 lb.) into
geostationary transfer orbit. The Ariane's
first stage can be equipped with solid or
liquid strap-on boosters or a combination
of the two. The vehicle will become the
primary Ariane version in operation
through the 1990s, when it is scheduled to
be succeeded by the heavy-lift Ariane 5
which was recently approved for develop-
ment by member nations of the European
Space Agency.

The three payloads to be orbited on
Ariane 4"s maiden flight are the European
Meteosat meteorological satellite, the
Panamsat telecommunications spacecraft
and an Amsat amateur satellite.

Arianespace---which is responsible for
Ariane marketing, management and
launch--has an order backlog of 43 satel-
lites with a booking value of $2.36 billion.
Contracts for 63 satellites have been
signed by Arianespace since the company
was founded in March, 1981. D'Allest
said Ar/anespace's payloads are divided
nearly equally between European and
non-European customers.

Program engineers expressed confi-
dence that problems in Ariane's cryogenic
third stage, which caused three of
Ariane's four launch failures, have been

overcome, and a regular launch pace can
be resumed. The current target is to pe_'-
form eight missions in 1988, followed by
nine flights in 1989. Ariane's first 1988
launch is scheduled this month using an
Ariane 3 version. This means seven addi-

tional firings will need to be made in the
following nine months if Arianespacc's
1988 schedule is to be maintained.

In addition to resolving the third-stage
HM7 motor's ignition problems that were
determined to be the cause of Ariane's last
failure in May, 1986, program enginee_
also found there were temperature varm"-
tions in a cooled submerged bearing in the
HM7"s turbopump. Much attention has
been focused in the past months on the
beating's temperature variations to ensure
the phenomenon is understood and to veri-
fy it does not pose a risk during flight.

"To be prudent, we want to better de-
termine the temperature regime and the
margins we have in this bearing--even
though it is a bearing that never has given
us a problem into flight," d'Allest said.
"We have learned that you never can be
prudent enough, and our policy now is to
closely monitor all Ariane parameters and
not let anything that seems suspicious pass
without taking a careful look at it."

Ariane propulsion contractor SEP was
asked to conduct te_tbench firings to fur-
ther explore the bearing's temperature

28.5 AVIAIIONWLtK & SPACI=TECIINOLOGYIMarch14,1988 101
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variations, and the tests are proceeding
well, according to d'Allest.

A significant effort has been made to
prepare the entire Arlane industrial and
support network for a rapid and sustained
launch rate, which is necessary to fulf_
its current orderbooks and to allow
Asiane to compete for new business.

The European companies involved in
Ariane--SEP in particular--faced di_
culfies in transifioning from the develop-
meat phase into a furl-scale production
program. A number of management and
organizational changes have been made in
the Ariane industrial team. including •
restructuring at SEP in which the compa-
ny was made an atfiliate of the French
government-controlled alrcraR engine
rmmufacturerSnecmm.

"We're about live launchers ahead of
our production plan, and we have the ca-
pability to move the th/rd-stage motors
through their checkout/acceptance proce-
dure at the rate of about one per month,"
d'AUest said. 'Whis should enable us to

support a mission rate of eight launches
in 1988 and nine per year beginning in
1990, even taking into account unforeseen
problems that could arise."

To date, 49 launchers have been or-
dered in the Ariane 1, 2, 3 and 4 ver-
sion.v-20 of which have flown. The
remaining 29 are under production or be-
ing _ for hunch.

Arianespace now is negotiating with its
Europesa manufacture_ to buy 50 more
Ariane 46 in • move designed to cover
launch vehicle requirements from 1991
through 1998, as wall as to lower the in-
dustrial production and launch costs for
the booster.

For operations at Kourou, a third com-
plete launch team has been formed to al-
low • rapid miss/on turnaround and to
provide • pool of trained personnd when
replacements are necessary in the two pri-
mary teams that routinely will be working
ia paralld to prepare two _ for
launch. The new ELA-2 facility •t
Kourcu has two mobile launch tables,
and • third is being built to provide addi-
tional flexibility in mission preparation.

"OveraLL we are confident we have the
resources to progressively build up our
humch rate to the desired pace. This is a
fun_tsl point for us and for our cli-
ents, and we are ready to meet our client
req_tx" d'Alleat said.

Arlanespace.is competing for • number
of new launch contracts, including the In-
tdast and Aussat telecommunications sat-
ellites_ and India's Insat 2. The
organization is proposing Ariane for
launch of the North Adandc Treaty Or-
ganization's NATO-4 series of military
communications spacecraft. D'Allest said
• number of European satellite contracts
also are in preparation for expected signa-
tufa this year:, with France for the Tele-
mm 2 civil/milita/_ telecommunications

tO2

platforms, with West Germany for the
country's TVSat-2 direct broadcast space-
craft and with the Eurol_m Space Agen-
cy for its ISO scientific satellite.

h the domain of satelUteproduction,
European manufacturen are awaiting re..

sults of both the I.ntelsat 7 and Aussat 2
satellite competitions in which they are
participating as part' of multinational
teams. Industry officials said the active
role being played by European companies
in the two competitions represenm the

Emm's Ilmls mm,i Slmmlms _cks _MI tl_ sm-ts.lul fmt-NIw li mML
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maturing state of Europe's satellite and
payload technology.

"It's clear that European companies
now are taking an active pan in major

competitions outside Europe, so they no

longer can be said to be competing in

their 'captive' home marketplace," one
manager at the French CNES space agen-
cy s,_d.

Matra is leading one of the teams bid-
ding for the Intelsat 7 production con-
tract, which also includes British

Aerospace and the California-based
TRW. For the Australian Aussat 2 con-

tract, British Aerospace has taken the
lead role, with Matra acting as its partner.

"We believe Europe's aerospace indus-
try has reached the point where a compa-
ny like Matra can assume the role of
prime contractor in an industrial group-
ing that includes a major U. S. company

such as TRW," Claude Oonmy, head of
Matra's Space Div., said.

Other teams bidding for the Intelsat 7
and Aussat 2 contracts are GE Astro

Space with Aerospatiale and Messer-
schmitt-Boelkow-Blohm, and a partner-
ship between Ford Aerospace and
France's Alcatel Espace.

Company executives said they hope the

two recent in-orbit problems experienced

by European-built spacecraft will not
have a significant negative impact on the
competitions for Intelsat and Aussat
awards. The West German TVSat 1 di-

rect broadcast platform built in a consor.
tium that includes MBB and Aerospatiale
failed to become operational because one
solar panel did not deploy following the
satellite's launch last November; while the
French civil/military Telecom IB space-
craft produced by a Matra-led consortium
weat out of control in January after expe-

riencing problems with both its normal

and backup attitude control systems, vI
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.11.4 JAPANESE

HOPE

Details of Japanese efforts in the
spaceplane arena were given by Mr,
Toshio Akimoto. of the National Space
Development Agency of Japan
(NASDA), in a paper entitled "Concep-
tual Studies on the H-II orbiting Plane".

As implied in the title, the Japanese
spaceplane, HOPE (for H-II Orbiting
Plane), is planned for launch atop the
H-II booster in a similar fashion to
Europe's proposed Ariane V/Hermes
configuration,

Mr. Akimoto outlined the concep-
tual studies being undertaken in Japan
for a vehicle which would undergo its
first flight test in 1995.

He said the studies had involved the
consideration of five variants:

• A 10 ton unmanned spaceplane
(U1) capable of lifling a three ton
payload.

• A 10 ton manned spaceplane (M1)
capable of orbiting a crews of two
and a one ton payload.

• A 20 ton manned spaceplane (M2)

capable of carrying four crew and
four tons of payload.

• A 29 ton manned spaceplane (M4)
with a crew of two and a one ton
payload, plus internal propulsion.

• A 10 ton manned spaceplane (M1J)
with a jet engine two crew members
and a one ton payload.

|lllllll II

1
Conceptual diagram O| the Japanese .,_m_,,q__,.___J____ _

space shuttle yah,tie under sludy • . .o.:.. _...z.z.z.z.z.z.z._.:_f-_[_

-. .. . --__--...,.. .. J_. ......I._ ._-::_.------- --___.,.-.:_."" I
' _"':'"'__:"_J_ I
I "-<_: -v.: _.-.,_:: ->I- I

"-"_._ _.._- _I_-f_7->_-__._7 I

227

Japanese spaceplane shuttle is launched
from Tanegashima Island atop an H-2
heavy booster in this artist's concept.

I The first launch of the H-2 booster is setfor 1992.

Hope wduld be 12 met_ 09.4 ft.)
lois, with a 10-meter winSslm and two
_mll _mlmrds. The Hope sl_wephtoe aould
carry • 3,000..k_,.(6,600.1"o.)_yloJd for
delivery to m space station, or be mad u •

mini-Spacelab, even though it is zzot
manned, according to the Japanese.

4
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Japan Will Develop New 3-Stage Booster
Tokyo--Japan has decided to develop a
new three-stage, solid-propellant booster
capable of placing 4,400 lb. into low
Earth orbit, a project that marks the third

new high-technology expendable booster
program now under way In Japan.

The new 99-ft.-long vehicle will have
about 1,000 lb, more payload capability
than the U. S, General Dynamics Atlas F.
If will be used by the Japanese for heavy,
low-orbit science spacecraft and for plan-

etary missions to Venus and possibly oth-
er bodies.

First launch of the new vehicle is set
for the early 1990s. It is expected subse-

quently to launch a spacecraft participat-
ing in very-long.base interferometry
studies in connection with other interna-
tional spacecraft and a Japanese mission
to Venus in ]994 or 1996.

The new vehicle will be developed by
the Institute of Space and Astronautical
Sciences (ISAS), Japan's space sclehce
agency, which for more than a decade
has launched about one space science
satellite par year.

Japan's National Space Development
Agency is preparing lot the second flight
test of its new H-] booster in August and

is entering advanced design of the H-2
booster, set for first launch in 1992. The
H-I can place 1,200 lb. into geosynchro-
nous orbit, while the H.2 will launch Ja-

pan's Hope spaceplane and have the
capability to place more payload in gee-
synchronous orbit than a U.S. Air Force
Titan 34D,

The new ISAS booster has been desig-
nated as the "Next-Generation M," signi-
fying that the vehicle will replace the
current Nissan MU-3S-2, which can place
],500.lb..payloads in low Earth orbit.
The new booster will nearly triple that
payload launch capability.

The Japanese said the new booster is
justified not only because of spade sci-
ence needs, but also as a result of grow-
ing international interest in Japanese
launch of foreign science satellites now
that the U.S. and European programs
have been stalled by their respective
launch accidents.

No contracts for the vehicle have been

awarded yet, but Japanese officials ex-
•pact extensive participation from Nissan,

since it is the only Japanese company
involved in building large solid-propellant
motors

1 _,. Jr.* !

Aviation Week & Space Technology 7-27-87

Japan Moves From US Technology

For Japan, the 1990's mean space
advancement in leaps and bounds. No
space programme will grow as quickly
during the next decade.

Following earlier success with the
N-1 and N-2 since the mid 1970's,
Japan introduced the new H-1 booster
in August 1986. Like the earlier boos-
ters, the H-1 uses part US technology
to lift 1200 pounds to geosynchronous
orbit. However, Japan cannot use the
H-1 for international services because

of US trade restrictions. Japan plans
seven more H-1 launches in the next

five years.
A heavy-lift launcher using all-

Japanese technology will be first flown
in 1992. This is the H-2 which will be

capable of lifting 4400 Ib to geosyn-
chronous orbit, making it more power-
ful than the Titan-34D.

Japan is expanding launch facilities

on Tenegashima Island to launch the
H-2, which will be used for re-supply
missions to fhe Int_,rnational Space
Station.

SPACEFLIGHT, Vol. 29, Ocfober 1987

Japan's Manned Space Goals
Japan has completed a mock-up of a
space station rrtodule due to be
launched by the US shuttle in 1995. An
experiment platform will also be
docked to the space station via shuttle

o;" H-2. A remote arm is also being
developed for the module.

Despite controversy with the US
defence plans on the space station,
Japan still intends to put Japanese
astronauts in space through the US
programme. Three astronauts have

been selected for training for the
Japanese Spacelab mission and one
wilt participale on the 199_ _ftight.

Japan is also studying an unman-
ned mini-shuttle concept called Hope.
Like Hermes, Hope will be launched on
an expendable rocket, the H-2. First
launch of the unmanned spacecraft is
set for 1993 and subsequently Hope
will serve as a mini-spacelab end a

cargo ship capable of lifting 6,600 lb.
The second phase of the spaceplane

project is the development of a hybrid
air-breathing and rocket powered
engine for manned use. The larger
spaceplane will take off end land on a
runway and development will be well
advanced by 2001.
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Author

This paper presents Japanese space activities with emphasis on

aspects from the past two years. Introductory remarks outline

the structure of space-related organizations and the basic

principle for Japanese space activities. Among the scientific

activities, the highlights in 1984-1986 are the launches of two

spacecraft 'Sakigake' and 'Suisei' by M-3SII for Halley's comet

exploration. In the field of practical applications, a

meteorological satellite GMS-3 and a broadcasting satellite BS-2b
were launched. The launch series includes the first launch of

the H-I vehicle, which is characterized by the use of a cryogenic

propellant for the second stage. In addition, the Space
Activities Commission has approved two big projects: the

development of the H-II launch vehicle and the participation to

phase B activities in the U.S. Space Station program. Besides

those prominent topics, major authorized programs are reviewed
according to the newly revised space programs by the Space

Activities Commission.
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l'roton i_, a biprolx'lhm! launcher thai
u_"_ nitrogt'n letroxidc a._oxidiTer and un-
symmclrical dimethyihyd[azine as fuel.

The Soviets Itlso are providing informn-
lion on tile prelaunch operations at the
Baikonur Cosmodrome near 'Tyuratam.
As with other large Soviet launchers, Pro-
Ion is inlegraled horizontally, then trans-
rK)rted by rail to Ihc launch pad.

The major integration work on Proton's
first stage starts with the installation of its
central core on a large horizontal jig The
Proton core is rotated on its longitudinal
axis in the jig. enabling the six strap-on
hoosiers to be installed.

Thc central core of Proton contains a

large tank that carries one of the two
propellants. The strap-on boosters each
contain one of the first stage RD-253 en-
gines as well as I tank for the other pro-
pellant.

Ground-level thrust of the RD.253 is
1,4"/4 kN. (331,650 lb.), while vacuum
thrust is 1,635 kN. (367,875 ib.), accord-
ing to Soviet data. Specific impulse at
ground level is 285 tec., and specific im-
pulse in vacuum is 316 _c.

Weigh1 of the unfueled RD-2S3 is !,280
kg. (2,820 lb.), and the weight increases to
1,460 kg. (3,220 lb.) when the engine is
fueled.

After horizontal integration of the first
stage is completed, it is transfered by It
bridge crane to •n assembly trolley for
repositioning and mating with the second
stage.

The Proton second stage is powered i)3'
four single-chitmber llquid-propellent en-

gines developing 600 kN. (135,000 lb.) of
thrusteach.

Soviet space program officials said Pro-
ton's third stage uses one 600-kN. engine

similar in design to the second-stage ca-
sines.The third stage also has • four-
chamber 30-kN.-thrust (6,750 lb.) vernier
engine for flight/attitude control.

An additional stage is used on Proton
when it becomes necesmaW to transfer pay-

loads from low Earth orbit to geostation-
• ry orbit or place spacecraft on
interplanetary trajectories. This kick stage
is powered by • gS-kN.-thrust (19,125 Ib.)

main engine with It specificimpulse of
351.8 sec. The fueled stage weighs 17.3
metric tons (38,130 lb.) and has a total
operating time of 600 sec.

The Soviels also are offering the SL-4

Soyuz launcher and the Vertical rounding
rocket for commercial missions. Glav-
cosmos officials maid Vertical could fill a
growing market requirement for sounding
rocket launch capacity, adding thai the
vehicle can be filled with a large recovery

capsule.
Vertical has been used for about 15

year_ in a variely of scientific mis._ions,
they maid r"]

3rd

Sta|e

2nd
Stage

ls!
Stage
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Soviets Introduce Shuttle, Energ.ia
To Bolster Space Launch Capabnlnty
XlO A e_ t___Lt

|space hunch capability and flexibili- . "_".. • __ [
JLty over the next five years by intro- _ " _ t

ducing the Energia and manned shuttle _v __I

heavy boosters and undertaking • whole: _,...,_ " ,_IF,,____ f
sale modernization of its military satellite [ _ ,. ___.
capability, t _ IP_Mr_P'_,,_a_l'] ka,a ',--

The Soviets will also continue conduct- _': _ ,hi7 _'_ Q
ing and increasing tests similar to those of '_p_"f _ It': _::_ _lI_l__lllf_

the O. S. Strategnc Defense Inmative with _/_y _. _'_ _.'_ ;_'_2:_
a variety of space systems, and this activE- ffs/;;f A,,]JL_ _]_ ._ !_ _':_

tY._ilmlins_raft have released 1520 " "_/''_ -- ._ma,,___,_ ,test objects to calibrate ballistic missile ra- . • ._ I

data. These military missions arebelieved ' EJ _ _a___

to have participated in demonstrations in- • . " _--_',_ _ ____1,_

volving development of • strategic defense " ,_,_ i _

system. Two such missions were l•unched _VA | F_
in 1987
UN. ,N..,SS,ONS S.h,t ,.t.. "

. _ M. whi_ Is c_/unmanned In a storage erbiL was photographed.di_r
i ne USSR m about to mount an ambi- with | hyuZ dKked t8 Its sit ;eft.
tious series of space science missions ex-

tending into the early 21st century. At
least 12 unmanned Earth-orbit science

missions are planned in addition to sever-
al unmanned missions to Mars and a like-

ly return of Soviet spacecraft to the Moon
by the late 1990s.

The Soviet space programhas a higher
priority and receives greater funding than
its U. S. ¢ounterlutrt.

Compared with the U.S., the Soviet

program demonstrates • stronger national
commitment to use space operations as an
inherent dement of national technological
and political policy. This aggressive execu-
tion of policy wiU be important to the
U.S./soviet technological balance for
yen_ to come.

An examination of .Soviet space initia-
tives during the 19g0s provides an indica-
tion of their intentions for the 19908.

"Since 1980, more than 30 new space
systems have been introduced by the Sovi-
et Union, an average of four per year,"
according to a new report, Soviet Year in
Space-1987. The report was written by
Nicholas L Johnson, advisory scientist
with Teledyne Brown Engineering, Colora-

do Springs, Colo., who does extensive

work for U. S. Air Force Space Command.
"During four of those eight years, new

manned endurance records were set [by

the Soviets] and two new space stations
were hunched. Six sophisticated Soviet

probes were sent out into the solar system
while the U.S. launched none.," Johnson
laid.

Numerous major achievements took
place in 1987 alone:

• Establishment of the first permanent

manned presence in space with the launch
of a replacement crew for the MEt station

before the original crew departed. This
operation will be continued indefinitely.
• Establishment of • new manned endur-

ance record of 326 days, important for
station and advanced Mars mission plan-
ning.
• Introduction of the new Energia heavy.

The Soviets have also been

conducting tests similar to the

U. _ strategic defense
initiative

lift booster, • launcher five times more

powerful than any previous Soviet Union
booster.

• Atmospheric flight testing of the Soviet

space shuttle in preparation for its first
flight, expected by 1989.

• First flight of a new-generation space-
craft conducting large-radar remote sens-

ing. The U. S. will be unable to launch a
similar vehicle until the mid-19908.

• Introduction of new military ocean sur-
veillance spacecraft.
• Demonstration of more flexible mili-

tary imaging reconnaissance satellite oper.
ations.

• Quick recovery from the failure of two

heavy Proton boosters and several satel-

lites with little disruption of the space
program.

The Soviet Union is also embarking on
a space commercialization effort, attempt-
ing to market its launch services and re-

mote sensing satellite imagery. The
primary benefit from these activities will
be favorable public relations. The sale of
these services will do little to affect the

launch plans of either the USSR or other
nations in international space markets.

FUGI.Ilr OPERATIONS

Flight operations with the new Energia
booster, first hunched last May 15, wiU
operi a new era in Soviet space operations.
The Energia is capable of placing
200,000-lb. payloads into low Earth orbit.
The USSR would not have designed the

launcher if it were not developing a new

class of heavy payloads. In comparison,
the U.S. will not be able to match this

capabilty for another 10 years at the earli-
est.

Energia will launch large space station
modules in the Iq90s which will solidify

Soviet leadership in manned station oper-
ations. Larger station modules holding
advanced equipment will open the way

for new technology developments in both
milihary and scientific areas.

The Energia will enable the USSR to
launch the world's first battle satellites

within the next five to ten years. These

could be large platforms capable of at-

tacking U.S. spacecraft or ballistic mis-
siles, using kinetic- or directed-energy
weapons.

The Soviet space shuttle, once fully op-
erational in the early 19908, will enable

that country to e,gage in covert military
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space operations on a large scale for the
tirst time. By using a shuttle, whese exter-
nal characteristics appear the same every
time. it will be much more difficult for
the U.S. to analyze individual payload
operations.

The shuttle will permit deployment of
payloads out of range of U.S. tracking
capabilities, including placement in geo-
synchronous orbit.Thiswould provide an
increasedmilitarycapabilitythe U.S.
would be unable to counter in an emer-
gency. The Defense Dept. is concerned
that some of these geosynchronous pay-
loads could be "space mines" with an
offensive capability against vital missile-
warning and communications spacecraft.

Introduction of the shuttle will permit
full exploitation of space construction and
satellite refurbishment, not easily done
from "capsule-type': spacecra_ such as
the Soyuz, used for the last 20 years.

Another new vehicle in development is
the small manned spaceplane, with first
manned launch on an SL-16 booster ex-
pected by 1990. The spacecra_Awill be the
world's first space fighter, capable of
quick-reaction military missions for satel-
5te attack, inspection, ground reconnais-
umce and station resupply.

The introduction of these capabilities is
fikely to reduce the total number of Soviet
launches in coming years as the program
obtains more use out of individual Space-
crat%, according to Marcia Smith. who
heads Soviet space analysis for the Con-
gressiomd Research Service, Library of
Congress.

Current Soviet satellites have relatively
short fifetimes. An analysis conducted by
Johnson du3wed that by the end of 1987.
nearly half of all the satellites launched

that year had expired. As in previous
years, the number of Soviet launches out-
stripped those ofull other nations in 1987.
The USSR launched 95 missions that
reached Earth orbit, carrying a total of
116 separate satellite payloads.

The United States, Europe, Japan and
China combined launched a total of 15

frights during the same period.

The Soviets exhibit a strong

national will to use space

operations as an element of

national political policy

In manned flight, the Mir space station
will be the focal point of Soviet operations
into the 1990s and act as a transition vehi-

cle to the much larger station that will
begin to take shape with Energia and
space shuttle flights by about 1995.

"During 1987 a total of 11 [manned
and unmanned] missions were flown to
the Mir station, a record for annual sup-
port operations and the largest percentage
(11.6%) of all Soviet space flights dedicat-
ed to manned related activities since
1978," Johnson said. This group included
three manned Soyuz vehicles, seven un-
manned Progress tankers and the Kvant
astrophysics module.

For the first time, a manned crew was
launched in the new TM version of the
Soyuz, with significant computer and avi-
onics improvements over the earlier,
Soyuz T versions.

A 326-day flight on the Mir by Cosmo-

naut Yuri Romanenko in 1987 will likely
be surpassed this year by a two-man crew,
which is expected to remain on board for
at least a year.

Numerous long-duration missions will
be conducted to obtain physiological data
for the manned Mars missions, hut more
routine station manning is expected to
last six months.

MATERIALS PROCESSING
Over the next five years, the Mir will be
equipped with several additional large
modules specialized for Earth resources
observations, materials processing, life sci-
ences and other purposes.

The modernization of military satellite
operations will be another primary devel-
opment over the next five years.

New records were set by the Soviets
with imaging recounaissalnce.satellites in
1987, indicating the direction of this pro-
gram in the future. During 1987, the Sovi-
ets launched 28 military imaging
satellites, two more than during the previ-
ous year. Overall, however, about the
same number of military imaging recon-
naissance satellites have been flown annu-
ally since 1980. A big difference, however,
is in the number of mission days these
spacecraft have operated.

"While the number of flights has re-
mained constant, the total annual military
mission days has almost tripled since
1980," Johnson said. The reason for this
is the long lifetimes of more modern re-
connaissance systems.

While the U.S. operates essentially
only one imaging reconnaissance satellite.
the USAF/Central Intelligence Agency
KH-I I, the Soviets operate three types in
five separate orbital parameters.

During 1987, Soviet medium-duration
reconnaissance spacecraft that functioned
for 6 to 8 weeks were used extensively.
These vehicles were often commanded to
monitor specific intelligence targets. "The
new fifth-generation photo recon satel-
5tes, under spacetesting for the past five
years, demonstrated unprecedented mis-
sion profiles suggesting attainment of full
operational capability in 1987," Johnson
said.

One of the" fifth-generation spacecraft
set a new 259-day record for operations
during 1987.

In another important military area, an
electronic ocean surveillance satellite sys-
tern "achieved a new endurance record
and demonstrated more operational pro-
files," Johnson said. "Of perhaps even
greater importance was the introduction
of a much higher orbit, which might sig-
nal the first major change in the ocean
surveillance program since 1974," John-
son said.

The higher altitude provides two bene-
fits-the ability to more easily monitor
polar regions and to better stay out of
range of the U.S. F-15-launched antisa-
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tellite system. The latter objective may
now be irrelevant, since the U. S. has can-
celed the F-15 Asat program to pursue
ground-based directed-energy Asat sys-

The Soviets flew a total of six new
ocean surveillance satellite missions in
1987, compared with five in 1986. Their
ocean surveillance spacecraft constellation
was higher than that however, as the
newer satellites often were teamed with
older satellites already in orbit.

Two of the spacecraft launched in 1987
were nuclear-reactor-powered radar
ocean surveillance spacecraft. Two others
were electronic spacecraft that spot ships
by intercepting radio transmissions.

The two other spacecraft are classed as
unknown ocean surveillance vehicles fly-
mg new mission profiles.

A review of other mission areas for
1987 illustrates trends for future opera-
tions:
• Communications satellites--The Sovi-
ets launched 11 low-altitude communica-
tions satellites in 1987, compared with 27
the previous year. One of the missions last
year carried eight satellites on one vehicle.
The high number of spacecra_ launched
in 1986, but still operational reduced the
need for more missions in 1988. Only one
Molniya-3 spacecral_ was launched in
1987, compared with seven in 1986. At
least seven communications spacecra_ at-
tained geosynchronous orbit, one more
than in 1986.
• Navigation satellites--Sixlow-altitude

'Since1980, more than 30

new space systems have been

introduced by the Soviet
Union"

navigation spacecra_ were launched in
1987, one less than 1986. Six Gionass ad-
vanced navigation spacecraft were
hunched, with each mission involving
three satellites on a single booster. This is
three more spacecraft than were launched
in 1986.
• Meteorological satellites--Two new Me-
teor-2 spacecraft were launched, doubling
the 1986 rate. In addition, two remote
sensing satellites were launched, one carry-
ing an oceanographic radar and another
Cosmos 1,870, which is a large, multldisci-
plinary radar platform.
• Missile warning--The Soviets launched
only three early-warning satellites in 1987,
compared with seven in 1986. "The
launch rate dropped dramatically in 1987
as the Soviet Union apparently reached
full operational capability for the first time
in the trouble-plagued 15-year-old pro-
gram," Johnson mi_3
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"ENERGIA"

220,000# LEO
Ist Launch 5115187

6.6H# Thrust
198' Tall

4 10X/LHo Englnes
4.4M# Venlcle

The Promise of Energia
The maiden launch of the Energia

rocket by the Soviet Union at 7.30 pm
Moscow Time on May 15, 1987,
marked the first time a very-heavy lift
launch vehicle has been flown since

the American Saturn V _nade flight to
the Moon possible.

The 220,000 pound payload capabil-'

Sty of Energia will be used to place large
satellites and space station segments
into orbit during the 1990's. A third
stage for the Energia is under study
which will lift 330,000 pounds into
orbit. But the primary feature of the
new Soviet rocket is its role as the
booster for the Soviet Space Shuttle.

When used as an unmanned boos-

ter, a 120 ft strap-on payload canister
runs the length of the 198 fl tall rocket.
The canister will then be replaced by
the shuttle during manned operations.

The Soviet shuttle relies on the

engines of the Energia to reach orbit,
since it carries no engines of its own.
This gives the Soviet shuttle a slight
payload capability advantage over the
US shuttle system. The Soviet version
is expected to lib up to 66,000 pounds

of cargo.
The first shuttle launch is likely in

1990, and will be unmanned. Cos-
monauts will board the shuttle in 1991
or 1992 for a two-year test phase.

Fully operational by 1994, the Soviet
shuttle will initially be used in conjunc-

tion with the growing Mar space sta-
tion.

Unlike the US Space Transportation

System, the components of the Ener-
gia system ere a family of individual
launchers. The Energia uses four SL-16
boosters as strap-on rockets. The 5L-
16 has been tested successfully follow-

ing severe development problems in
1984.

Spacefllght, Oct. 1987
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By Craig Covaul!

i_a_hinl_lo0_ll,_ l'_',,plc',Rcpt,hh, of

('1..., I_ h_'Fm,,I-L: ;, n¢_ I:h,h.,I eamp:,ilm
ht nlill_i'l L'qlllllllVlci.0l Ltllll_.h _'r_i_'u_ 1111

il_ L,,nf M:_rch hoO_lcr_ nnd ha, I_Tu.

head Ihi. cflorl inh_ Ih¢ lOq_

Chi,;0 al,o pl:n,_ Iti inl¢|l,if) rlY_rl, Io

hu) IJ. 5. and Eur_p_'an _pacc h;.d_ur¢

O" a mean I. of iflc'rc.'l,lll_ Chhw,_¢ aero_

._p',_'e technolo[:y. The director af Chin','_

G_eat Wall Indu_tr) Corp. U Nell. told

AVl._lio_; WErK • SI'ACI: I"rcIINOI(X;'f

Iha! China has apprn_ed development of

a new heavy space boo_uer d_iL_ned to

utilize 1.1.5. upper stapes. The Chinese

are al_o uprating their exi._tin[_ ox)'Ben/

h)dr_t:en third $1a_e In place atop Ih_.

The he,* CZ2-4L booster, set far flrs_

flq:hl in i_l_q. _ill have a |if'toff thrus_

and v, eight comparable IO the U. S. Sat-

urn IB and a 4.000.5.400-1b t_eo.,yn-

chronous transfer orbil pal h_ad

comparable to Ihc European Ar,anc 3/4
vehicle._

The he* Chin_e booklet will be able to

place 20.O00-1b pa.qoad_ in Io_ Earlh or-

bil a capahilllv s_nle_hal lea,, than a

USAF T,an 34D. h i_, beinf de_eloped

for Chinese military and scientific space

needs bu_ also complement.,. China's com-

mercial space market initiati_,e.

Construction of a ne_s launch pad for

the |.¢4-fl. hoosier" will begin Ihi, fall al

the Xnchan E launch tile in hc_uth_est Chi-
na.

Chinese CZ2-4L heavy booster will have I

I,floff thrust and we,iht COmplrable to the

U 5 ¢_ltum | B rocket and a leosynehronout

trlns|er orbil payload capabihty comparable

10 the F.urOpean Ar_lne 3/4 Ir_r$i fhL[h' 0Sset

toe 1989 cirry,n£ a Ch,nese fdltelhtc, and

commercial satell,tes ca_ u_' the veh,cle

star_,ng in |ggo. O_agram It kdt shows the

yah,cia's tout larle s,de.mounted laqu,d

IX)Osiers attached to a Stretch_ Lon[_ March

2 core 1'he COre will h_ve an addnt0onal four

enF,neS 7he Yah,tie will Imf_erale 1.24 m,I.
lion Ib 0t Idlotl Ihrusl _he s_cle-mounled

booste, _ do not _,parahr bul remora contact-

l0 durinl_ torSI Itllf Ihllht Launch shroud

|ral_ht) |or tl_P CZ2-4L wil_ Ix- 43.3 ft IO_lRand

|_ 3 11 wRk. lh_ booster _ keyed tov, ard

Ilurl£htrli" th_ Hurfl(; H_ 393 SDaCI'cr_fl or

|w_, Smalk._ sDir(.r.f_ttt al 1111111(.

tf_'. t
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The familv of Long March launch vehicles. Left:

CZ-I. Centre: CZ-2. Right: CZ-3.

At the IAF Congress in 1986, details
of more CZ-2 variants were announced
113], four in total. All the missions seem

to be scaled for a launch from Xi Chang
from where the CZ-2 can place 3.9 ton-
nes into • 28.5 deg, 200 km circular
orbit. This vehicle with a stretched sec-

ond stage could be used to carry a
Hughes HS-376 communication satel-
lite into a low parking orbit, with a
PAM-D stage being carried for the
manoeuvres to geosynchronous orbit.

The CZ-2 could also be used with •

Hughes HS-399 communications satel-
lite: in this version, the satellite with a
mass of up to 1710 kg would be placed
into • geosynchronous transfer orbit
by the two stage CZ-2 end then its own
apogee motor would perform the
geoeynchronous orbital injection.

A further CZ-2 variant could place a
Molniya satellite into its drift orbit of
about 400-40000 kin, although the orbi-
tel inclination of the Soviet system
(62.8 deg) probably could not be
matched.

The most ambitious new CZ-2 var-

iant would give the Chinese I major
launch vehicle. A much stretched sec-

ond stage would be carried, but the

first stage would be augmented b
either four or eight strap-on boosfer."
In the four strap-on booster vers,o
nine tonnes cou|d be placed in orbi _
while the eight strap-on version coul.
orbit 13 tonnes. It is possible that th;
variant is the CZ-4 which the Chines

have recently mentioned.
Another source described the CZ-

as being capable of placing 2040 k
into geosynchronoua transfer orbit
this would use eight YF-2 engines clus
tared in the first stage (the existing fir(.
stage with four strap-ons, each havin.
a single YF-2 ?) with the possible pro
curement of a new upper stage fror
the United States [14].

Using the CZ-4, a new geosynchror
ous payload launcher is being planne¢
Designated CZ-4L, this is described a
an up-rated CZ-3 with four strap-on
[15l. The current third stage would b
replaced by a new cyrogenic stage, an.
this combination would place 5.3 tar
nes into geosynchronous transfe
orbit, compared with 1.4 tonnes for th
existing CZ-3. The first flight of the C2
4L is planned for 1991.

•;: Table 3. Delails of the CZ.3 Booster.
I

_, Staee 1 Saqwl Sume]

fr_ime Des_gna_:On YF. 2 (41 YF 2 (1) YF-73 (!)
_,, Tlkrull. I0_1tl . _gO ?0 5

' SI_IClf_,¢ tml_tla. _ 264 _ 42S

! i llUm T,me. S4¢ 132 I _'Sl 461 +_J1

' Stage dry mass. _onne_ 10 $ S ;h3

i! P,op*..., boad.ton.es 14o ,lI;' 1.7
Sl_q)e _mgtn, mmres 20 2;t 7 St 7 44
S¢lq)a d,_ere•, metres 33S ] 3S 2._

Fuel Nitrogen Te_ro,ide L Hv_oglm
'' OlydDNr UOMN L O'Ivge_r
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CHINA'S LAUNCHER DEVELOPMENT A,, _ :ItV07
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Chinese Facility Combines Capabilities
To Produce Long March Boosters, ICBMs

Olllen/h/4to|tn-poll_tll thu*O Stallt lot tl_4kLOe_ Id_cfl 3 boo_tvr (left) is ho_st_K:l

IM Ml_flch tOq_qr at IIII X_h4M_ MI_ICh $4e in _tlm,4st Cl_a. T_ IlvrCl Sta4pets

I>_1! by th4 Wan Yua_ k_lu_Ary Coq) Rock_ e_lme test Slan4 (Idbov_) Imuih_est of

B4'opni[ is pfep,•r_l t_r • hfmll teSt Tins plel_¢ui•t StlNt¢l _S O_ Of S4h_•l •1 the _t_
US*KI Io 10s! the OJyll_rn 'hydrOIprfl e/t_smeSyStem Mid M1nalll_'Cl_nese r0¢Mt en|,neb
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'The initial spice test 8evend _n alto
o( the _ third step ended in • pertial
hdlurt when its enpnes shut dov_ prems-
turcly dur_nl the second of two planned
firmp

The rectory d_ the problem Is
bmbblel in • psmpellant line The C'ninue
developed nJwl tested new components,
conduced four ground sumc Innls, then
launch_ the new hlrdwzure an en open:-

lional flilhl arr_l C'l_n:'l NPJ_Ileum/n-
chroaoul uldlile--ill wilhi_ 10 da/s of
the fJilurc.

The fecilily here •ppesred IO Imal ever
100 scre_ _h •ix larlpe factor_ complex-
es in the compound,

The p_n! _ includes11 k_e lhree
other work cmlm md i_om eilht _-
umzch institutes, m¢_ k3cmedon this site
_! • few, much I In _ test _ta.
Ilglsed s_uy from due mum facility.

fmcmry complex is divided into
tour deperlmenn, cov_n8 manulenxmt,

end bunch

Six icpar•te faclor_s within the ¢_n.
tort dev<_ed to L.-_emMy of entire

bunch _ht¢le_ M _ell -I connectS-,,

fry•machinery, comro) system devices
s_ch us i_.s'tml _ telemetry systems
lad vehicle elecmc_l lyslems.

'•"he eilht rmmrch institute_ cover le-

_, mlter_h,, structur_l tatinlt.
ipround support needs. _ntenn_s, Nilht
mntrol _ rocke_ enldne cmtro_ q_-
umu tmd mr.ket p_pulsioa.

A computer center oleo is peiq oir the
complex snd oompu_er 8r_ph_s-s_ded de.
dire work is In intelnd pert of the o_,n:.
liOet

!_ Iddit_ l• the baSiC Long Mxrch 2
and 3 booq_et_ the plnnl i_ workin/ on
multiple lultellile deployment ¢SmslerS. By
gzig| • thrwtit_r _y_lK_ ctldle, four
mmll ulellhes can be deployed from •
sin|l• _ehicle, nglucinl launch Costs for
the individual spscecrtl_ sponso_ (_w4_"
Oct. 13, Iq86, p. 20). The Chinme •re
marketing this ¢_pebility intc_'emtm_ally.

_w_llh Ilaalall

Enlpnee_ here •]s.s•re working _lh
the Swecli_h Space Corp in preparer,o,
for the upcoming Mad•at misuon, in
which the Swediqh Imtei)ile _J| he C_r'ried

M • IXlK_,.'l_Jckpeyloed •ion 8 _th • much
llrler Chinese ]o_,-•ltitude sl_.

A tour of the 5n,,1 checkout facility for

Lon E March 2 bOo_ter_ provided ins_ihl
ia_o Chinese clean-room snd security op-
enltio_s.

The group passed numerous Ionl_ sin.

Cl_etm CZ.ItCbooster eorey_8 • k_w£•r_
orbfl IMP#t• is isu_che_ from the ,bucluon

innorth Ce-trl4 Clan• This I.o_I _ 2
is built II1the W•, YuammOustryCORD.. which

_i4s Chirm_ bellist¢ missi_e¢
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|le-'J, tor_, brick buildmp on ht way to Ihe
che_lLovt racihly in the cenler of Ihe tom.

p4ez. In_de shot• b_uldm|_ Chrome rcch-

n¢lns could be _ workin I on various

she,-metal _tlonb such m, propell_,
'-nk domes.

The checkovl ricihty wls • 200-h.-Ion£.
four-uory bl'_k l_miar Os_'e Jn_k _,e

were uskecl to don ilip_n In prevrnl

trick• I dusi The clam.room procedures
were nm nlKI. ho_evey. Support vell_Jei

had been driven ilrlilht im_ the I'_ihty

from tke OUtbKle. Ovr Iroup was nm
ll_ell tO _ ¢_.Jm-room iown_. Ihlloulh

other v_shorb who went in t'ter were

u._.cd In wear dun. Some o( the Chme_

in the ficihly wore ¢lraln.roolll pr111cllL_
but olher_ chd nol

Two Long March 2 ililht vehi¢le_ Ul

off tliJ tran_port_ in the checkout hall
Both vehtctes were broken down into

their lit'St and I_,cond IlllleS. An enli-

neerm I mocLup O( the ox)lel_hydro|cn

third misS• alan wu in the racil.y for

tramin 8.

One or the CZ-2s had _Lu Seen Com.

phrled amd wu._ iwldl, l ihJpment to the

bunch me Deputy J_Jnalelr Y&n I Jin I.

shi prov_Jed • _ _ku_n_ioo _ c_h

veh,clc't s4atus dunn I • wadk-&rou_d o(
the rl_;Leti.

The Clune_ du,lplayed some w.multv,y

tO I_W"tty. Mmb¢_ cd' t_¢ lroUp, u_lucl-

inl the. eCSt_r, were ud_inl noin of the

_',c_nl "_ w_ wldLecl. Sa_,eul nines dur-

in I thin sc,-,_, I_nvev_', • ddrc_m Chp
ne_ cdRcUd wo_d enter our mklu _nd

ylnk our 5m_ds •w•y from our no_

Eve_o_ lu_ udunl nma and the 1,-

curtsy odYJ_d Imdly pve up, _ with
the per_i_e_:e of the U.S./Jupen_

space dc]efl_am rand the Lnddrerence of
YUl to the perc_ved ,_unty br--,_h

F.,_,u Yhn_
Yul _ the four h-_ap _nlpn_

and talk uw.e_l-u_lt _i_t _ch

could produce 85 tO_ of Uu'u_. but the

so_ to profile • lazle ud'e_y m_rlm
Tk (U'SI-SUlll e_tltngs I(u'_ COY{red

with iaqle _ 1_aad_u. Yah8 laud

Sl_al elthou|h the oxy|co/hydrosen m-
luna lu'e bu_ w d_ plant, the vetUchr's

6m. m_l _ond-sz_q_e powa'lplanu ate
built and led in cenmd China.

_LimtnltlOl_ Of IIll G&yl_n/hydrollen

lull Idlo_ed U is had four _ enlSn_l

bellS, mchcmm I inch ch•mbe_ is •
lively Iml.thrll41 ix_m_._pllnt.

Y_q mid the r-_il.y is enterhn l
•mnced de*,elc_ment _1" ,be hqu_d-I'u_ted

s_r_p-_l l_o_er_ f& tl_ nlm I._n I M•rch

2-4L. Each oil' ne four urap-(m lx-,mters
will cmr_ • I_nlll enlinl _lenliad Io the

powerphnts alto•d? m the v_-Ie. "/'he

l_--iltly also is I,m'Kin I to build the 4.

me_er (13-h.) f-;nn I thai wig be used m'_
the 2-41..

The plmm opera• 5Jr/e sutncb fee v_.

_rallml 8rid _ turin I ind hll a
Iule m_ckxc chemhe_ for antenna ck',d,-

opmemL

ke_s ot the phmt in the _

latmn _ ILl many 81 four [_m 8
Merck 2/DF-$ vehicle• in Itmuhanem_

checkm_ here Olher _ m the &lm

included •_ics liembiy henehes thai

slmehod ihom 1011 ft lind • almilar n_

f_ checkmn _ mcke_ e_l.ne lu,-Ix_m_.
_th •l_o.t I0 p.mpJ m v_e_

Chm_sl s4Ki tN_- u_ fu_,o_ weld.

m S. plasma ar_ _ldmll and lase_wridm_

M_I hi" the I_l lind m_mhly iJraq

nr55cared cemFIral_e to Ih_ m the _,'_.t.

Several of th_ are• hod ck_n-mem proce.
dumm d'ecl

Aviation _eek & Space Techn..

7-27-87
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6.13 ACRONYMS and ABBREVIATIONS

$B
SM
AFD
AFSATCOH
AFSCF
AFSCN

Dollars-bi11Ions
Dollars-millions
Aft Flight Deck
Air Force Satellite Communications

Air Force Satellite Control Facility
Air Force Satellite Control Netvork

AFSCF/STC Air Force Satellite Control Facility/Space Test Ctr.
AGCS
AH
AI
AI
AI-LI
AOA
APU
ASE
ASSY
ATE
ATKB
ATO
ATPG
A50

Automatic Ground Control System
Ampere-Hour
Artificial Intelligence
Aluminum
Aluminum-Lithium
Abort Once Around
Auxiliary Power Unit
Airborne Support Equipment
Assembly
Automatic Test Equipment; Alr Traffic Control
Automation Technology Knovledge Base
Abort to Orbit

Automatic Test Program Generation
Aerozlne 50 (50X Hydrazlne and 50Z UHDH)

BIT
BITE
BSTR

Built-In-Test

Built-In-Test-Equipment
Booster

C
C2K
CH

8
C_
CAT
CALS
CAN
CDDT
CDF
CECO
CELV
CC
CH

CITE
CIU
CH
C/O
COHM
COHM SAT
CPU
CPV
CR
Cryo
CSOC
CT
CTS
CV
CVD

Celsius; Carbon
Circa 2000

Propane
Computer Aided Design
Computer Aided Engineering
Computer Aided Instruction
Computer Aided Logistics System
Computer Aided Manufacturing
Countdovn Demonstration Test
Confined Detonating Fuse
Center Engine Cutoff
Complimentary Expendable Launch Vehicle (nov Titan IV)
Center of Gravity
Methane

Computer Integrated Manufacturing
Cargo Integration Test Equipment
Computer Interface Unit
Command Module
Checkout
Communications
Communication satelllte

Central Processing Unit
Combined Pressure Vessel
Control Room

Cryogenic
Consolidated Space Opertlons Center
Cravler Transporter
Common Tank Set

Cargo Vehicle
Chemlcal Vapor Deposition

DA
D/A

Data Acquisition
Digital/Analog

PA__rNTT_TrONA_Y _j_/K
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6.13 ACRONYMS and ABBREVIATIONS (Continued) " "_

DAS
DB
DBMS
DBS
DBT
dc
DCA
DDT&E
DFT

DOD, DoD
DOMSAT
DPS
DSCS
DSN
DTC

Data Acquisition System
Data Base

Data Base Management System
Direct Broadcast Satellite

Design Build Team
Unit Current
Defense Communications Agency

Design, Development, Test and Evaluation

Design For Testability DMS Data Management System
Department of Defense
Domestic communication satellite

Data Processing System
Defense Satellite Communication System

Deep Space Netvork DSP Defense Support Program
Design to Cost DR Discrepancy Report

ECLSS

ECS
EECOM
EIU

ELS
ELV

EMC
EMU

EPD&C
EPS

ES
ESS

E/T
ETR
EVA

Environmental Control & Life Support System

Environmental Control System
Electrical, Environmental, Communications

Engine Interface Unit
Eastern launch site

Expendable Launch Vehicle
Electro magnetic compatibility
Extra-vehicular Mobile Unit
Electrical Pover Distribution and Control
Electrical Foyer Subsystem

Expert System
Energy Storage System
External Tank

Eastern Test Range
Extra Vehicular Activity

FAA

FCE
FCM

FDO
FMS

FRCS
FSS

I_/C
FY

Federal Aviation Administration

Flight Crev Equipment
Fuel Cell Module

Flight Dynamics Officer
Flight Management System
Forward reaction control system

Flight Systems Simulator
Filament Vound Case

Fiscal Year

GB
GD

GEO

GFS

GH2, GH 2
GLOW

Ground based

General Dynamics

Geosynchronous; Geosynch. Orbit
Government Furnished Support

Gaseous Hydrogen
Gross Liftoff Weight

GN&C,(G&C)Guidance Navigation and Control
GN Gaseous Nitrogen
GO 2 Ground Operations

GO2,GO 2 Gaseous Oxygen
GPM Gallons Per Minute
GPS Global Positioning Satellite

GSE Ground Support Equipment
GSFC Goddard Space Flight Center

GSTDN(STDN) Ground Station Tracking and Data Network
HC Hydrocarbon
He Helium
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HEO
HIF
HLLV
HPFTP
HTO
H/_;

IC
IDSS

I/F
IMIS

IFA
ILS

IMU
INCO

INEL

INS,INST
INT

IOC

I/O
IPR

IPV
IR

IR&D
IRR

Isp
IU
IUS

JSC

K

KE_/

KSC
KW

LAN
LBS

LCA
LCC
LCE

LCEP

LC-TI tan
LDC
LEM

LES
LEO
LH

LH2, LH

Li-SOCt 2
Li

L_,LO 2
LPS
lABs
LRE
lAU

ACRONYMS and ABBREVIATIONS (Continued)

High Earth Orbit

Horizontal Integration Facility
Heavy Lift Launch Vehicle

High Pressure Fuel Turbo Pump
Horizontal Take Off
Hardware

Hydrogen

Hydraulic(s)

Integrated Circuit
Integrated Design Support System
Interface

Integrated Maintenance Information System

In-flight Anomaly
Integrated Logistics System
Inertlal Measurement Unit ,
Instrumentation and Communications Officer

Idaho National Engineering Laboratory
Instrumentation

Integration
Initial Operational Capability
Input/Output
Interim Problem Report
Individual Pressure Vessel
Infrared
Independent Research and Development
Internal Rate of Return

Specific Impulse
Interface Unit
Inertial Upper Stage

Johnson Space Center

Thousand

Kinetic Energy_eapon
Kennedy Space Center
Kilowatt

Local Area Netvork

pounds
Launch Control Amplifier

Life Cycle Cost
Low Cost Expendable

Low Cost Expendable Propulsion

Large Core Titan
Large Diameter Core
Lunan Excursion Module

Launch Escape System
Low earth orbit
Left Hand

Liquid Hydrogen
Lithium Sulphur Oxygen Chlorine
Lithium

Liquid Nitrogen

Liquid Oxygen
Launch Processing System

Liquid Rocket Boosters
Liquid Rocket Engine
Line Replaceable Unit
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6.13 ACRONYMS and ABBREVIATIONS (Continued) • _-

LSC
LV
L&L

Linear Shaped Charge
Launch Vehicle

Launch and Landing

H
MC
MCC
MCR
MCS
NCT
NDAC
MDN
ME
MELV
NEO
NFRCV
MFRGB
MFRSB
MILSTAR
MLP
MMC
MMMA
MMU
MPN
MPRCV
MPS
MPSR
MPST
MSBLS
MSFC
MS/NAS
NTBF

Million
Mission Control

Main Combustion Chamber

Modification Change Request

Mission Control System
Mission Control Teams

McDonnell Douglas Astronautics Company

MultiplexlDeMultlplex
Main Engine! Maintenance Expert

Medium Expendable Launch Vehicle
Medium earth orbit

Manned Fully Reusable Cargo Vehicle(s) (STS II)
Manned Fully Reusable Ground Based-OTV
Manned Fully Reusable Space Based-OTV

Military Transmission and Relay Satellite
Mobile Launcher Platform
Martin Marietta Company
Martin Marietta Hichoud Aerospace
Manned Maneuvering Unit
Manipulator Positioning Mechanism
Manned Partially Reusable Cargo Vehicle
Main Propulsion System
Multipurpose Support Room
Multipurpose Support Team
Hicrovave Scanning Beam Landing System
Marshall Space Flight Center
Machine Screv/National Aircraft Standard
Mean-Time Betveen Failure

NaS Sodium Sulphur
NAS National Airspace System
NA-S National Aircraft Standard

NASA National Aeronautics and Space Administration

NASAIRECON Remote console (NASA information retrieval system)
NCCS

NCS
NDE
NDT

Nl-Cd
NlCad

NIH
NI-H.
NITI z

Nltinol

NLC
NORAD

NSI
NH
24

N204

OAA
OBECO
0MI
ONP

Netvork Communication and Control Stations
Network Control Stations
non-destructlve evaluation

Non-Destructlve Test
Nickel-Cadmium

Nickel Cadmium
Not Invented Here

Nickel-Hydrogen
Nickel-Tltanlum

Nickel-Tltanlum-Naval Ordnance Laboratory

Nose Landing Gear
North American Air Defense
NASA Standard Initiator

Hydrazine Honopropellant
Nitrogen Tetroxide

Orbiter Access Arm

Outboard Engine Cutoff

Operations and Maintenance Instruction
Operation Maintenance Plan
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OHRSD
OHS
OMV
OPC
OPF
OPS
ORB
ORU
OTV
OV

P/A
PAM
PAREC
pC _
PCBS
PCP
PCR
PDI
PDR
PFLB
PGHM
PGOC
PIC
PIDB

PL, P/L
PLB
PLF
POCC
POI
PR
PRCBD
PRSD
PSA
PSI
PSP
PV
PVbD
P/A
P/FRCV

0A
0C
0D

RADC
RAMCAD
RCC
RCS
R&D
RECON
RF
RFCS
RFP
RH
RIC
RJDA
RHS
R&PM

ACRONYMS and ABBREVIATIONS (Continued)

Operational Maintenance Requirements and Specifications Document
Orbital Maneuvering System
Orbital Maneuvering Vehicle
Operations Planning Center ....
Orbiter Processing Facility
Operations
Orbiter

Orbiter Replacement Unit; Orbltal Repaired Unit
Oribltal Transfer Vehicle
Orbiter Vehicle

Propulsion/Avlonics module
Payload Assist Module; Payload Applicatlons Module
P/A Recovery Area
Printed Circuit

Printed Circuit Boards
Power Control Panel

Payload Changeout Room

Payload Data Interleaver
Preliminary Design Review
Pressure Fed Liquid Booster
Payload Ground Handling Mechanism
Payload Ground Operations Contractor (MDAC)
Pyro Initiator Controller
Prellmlnary Issues Database
Payload
Payload Bay
Payload Pairing or Payload Facility
Payload Operations Control Center
Product of Inertia

Problem Report
Program Review Control Board Directive
Power Reactant Storage and Distribution

Payload Support Avionics
Pounds Per Square Inch

Processing Support Plan
Present Value

Purge, Vent and Drain
Propulsion/Avlonlcs
PartlallylFully Reusable Cargo Vehicle

0uality Assurance

0uality Control
0uick Disconnect

Rome Air Development Center
Rellability and Malntainability through Computer Aided Design
Reinforced Carbon Carbon

Reaction Control System

Research and Development
Remote Console (NASA information retrieval system)

Radio Frequency
Regenerative Fuel Cell System

Request for Proposal
Right Hand
Rockwell International Corporation
Reaction Jet Drawer

Remote Manipulator System
Research and Program Management
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6.13 ACRONYMS and ABBREVIATIONS (Continued) _' _ ""

RPSF
RP-1
R/R, R&R
RSI
RTOMI
RTS
RTV
R&T
RU

Rocket Propellant Servicing Facility

Rocket propellant-JP-X based
Repalr/Replace
Reusable Surface Insulation

Repetitive Task Operations and Maintenance Instruction

Remote Tracking System
Room Temperature Vulcanizing
Research and Technology
Remote Unit

S
SAFT
SAT

S&A
SB

SBS
SBSS

SIC
SCAPE
SDI

SDIO
SDV

SiC
SIP

SIT
SLSOC
SM

SMA
SMCH

SME
SOA
SOC

SOPC
SOW

SPACECOM
SPADOC

SPC
SPIDPO

SPDMS
SPI

Sulphur
Semi-Automatlc Flight llne Tester
Satellite

Safe and Arm

Space Based
Space Based System
Space Based Space Surveillance (System)

Spacecraft
Self-Contalned Atmospheric Protective Ensemble

Space Defense Initiative
Space Defense Initiative Office/Organlzatlon
Shuttle Derived Vehlcle

Silicon Carbon

Standard Interface Panel; Strain Isolation Pad

System Integrated Test

Simplified Launch System Operational Criteria
Support Module
Shape-memory alloy
Standard Mission Cable Harness

Shape Memory Effect
State-of-Art

Satellite Operations Center
Shuttle Operations Planning Center
Statement of Nork

Space Command

Space Defense Operations Center
Shuttle Processing Contractor (Lockheed)

Shuttle Payload Integration and Development Program Office (JSC)
Shuttle Processing Data Management System
Standard Practice Instructions

SRB, SRBs Solid Rocket Booster(s)

SRM, SRMs Solid Rocket Motor(s)
SRSS
SS
SSME

SSMEC
SSSF

SSTO
ST

STA, STAS
STC
STE

STS

STS II
SV

S\V, (SV)
T-III

TACAN
TARS
TAV

Shuttle Range Safety System
Space Station

Space Shuttle Main Englne(s)
Space Shuttle Main Engine Controller

SRB Segment Storage Facility
Single Stage to Orbit

Space Telescope
Space Transportation Architecture (Study)
Satellite Test Center

Systems Test and Evaluation or Special Test Equipment
Space Transportation System

Space Transportation System II
Space Vehicle
Software

Titan III

Tactical Navigation
Turnaround and Reconfiguration Simulation
Transatmospherlc Vehlcle
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TBD
TDAS
TDRS
TDRSS
TE
TIS
TN
TP
T-O
TOs
TPS
TRAJ
TS
T/S
TSH
TbCN
TTL
TVC

ACRONYMS and ABBREVIATIONS (Continued)

To be Determined/Defined

Tracking and Data Acquisition Satellite

Tracking and Data Relay Satelllte
Tracking and Data Relay Satelllte System
Test Equipment

Technology Identification Sheet
Telemetry
Test Point; Test Plan
Ltftoff Time

Transfer Orbit Stage

Thermal Protection System; Test Preparation Test
Trajectory
Transportation System
Test Setup
Tall Service Hast

Telemetry & communication network

Translator/Transistor Logic
Thrust Vector Control

UART
UDS
UEXCV
gFRCV
UFRCB
UFRSB
UHF
ULCE
ULV
UHDH
UPRCV
UPRCV(R)
UPXCV
UHB

Unlversal Asynchonous Transistor
Universal Documentation System

Unmanned Expendable Cargo Vehicle
Unmanned Fully Reusable Cargo Vehicle

Unmanned Fully Reusable Ground Based-OTV
Unmanned Fully Reusable Space Based-OTV

Ultra High Frequency
Unified Life Cycle Engineering
Unmanned Launch Vehlcle

Unsymmetrical Dimethylhydrazine
Unmanned Partially Reusable Cargo Vehlcle(s)

Unmanned Partially Reusable Cargo Vehicle vlth return
Unmanned Partially Expendable Cargo Vehlcle
Umbilical

VAB
VAFB
VC1
VC1A
VC2
VRF
VHSIC
VIB
VIF
VLSI
VPF

Vehlcle Assembly Building
Vandenberg Air Force Base
Visual Clean I (standard)

Visual Clean 1A (sensitive)
Vlsual Clean 2 (highly sensitive)

Very High Frequency
Very High Speed Integrated Circuit
Vertical Integration Building

Vertical Integration Facility
Very Large Scale Integration

Vertical Processing Facility

WAD
WBS
WEN
WCCS
_/SHC
WCS
VSB
_rrR
RTKB

Work Authorization Document

Work Breakdown Structure

Water Electrolysis Module
Window Cavity Conditioning System
Western Space and Hisslle Center

Waste Conditioning System
Water Spray Boiler
Western Test Range
Expanded Technology Knowledge Base
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